JP1 1-251 252-A 




MACHINE-ASSISTED TRANSLATION (MAT); 



0 ^mm^if OP) 



(ii)[^p?a#-^i 

#^¥11-251252 



(19)[ISSUING COUNTRY] 

Japan Patent Office (JP) 

(12)[GA2ETTE CATEGORY] 

Laid-open Kokai Patent (A) 

(11)[KOKAi NUMBER] 

Unexamined Japanese Patent Heisei 
11-251252 



(43)t^Pi 0 ] 

Wll<^(1999) 9^ 170 



(43)[DATE OF FIRST PUBLICATION] 

September 17, Heisei 11 (1999. 9.17) 



{54)mm(D^m (54)[TITLE of the invention] 

^mi^(Dm^:l7&^mczfyX manufacturing METHOD OF 



HOI L 21/205 
G01N 21/85 
H01L 21/3065 
21/31 



60] 



SEMICONDUCTOR, PLASMA-PROCESSING 
METHOD, AND ITS APPARATUS 

(51)[IPC Int. CI. 6] 

H01L 21/205 
G01N 21/85 
H01L 21/3065 
21/31 



[FI] 

HOI L 21/205 
G01N 21/85 
H01L 21/31 
21/302 



Z 
C 
E 



[FI] 

HOI L 21/205 
G01N 21/85 
HOI L 21/31 
21/302 E 



Z 

c 



[REQUEST FOR EXAMINATION] No 



10/1/2003 



1/107 



(C) DERWENT 



JP1 1-251 252-A 



■ a amit ii'f^ 





[NUMBER OF CLAIMS] 21 


immmm] ol 


[FORM of APPLICATION] Electronic 


i±Mm 25 


[NUMBER OF PAGES] 25 


(21)[UJ^#-^] 
#ig¥l0-52088 


(21)[APPLICATI0N NUMBER] 

Japanese Patent Application Heisei 1 0-52088 


(22)[ffiig0l 

¥^1O¥(1998)3^40 


(22)[DATE OF FILING] 
March 4, Heisei 10 (1998. 3.4) 


(71)ItmSA] 


(71)[PATENTEE/ASSIGNEE] 


• 

000005108 


[ID CODE] 

0000051 08 



[NAME OR APPELLATION] 

Hitachi, Ltd. 

[ADDRESS or DOMICILE] 



(72)[iNVENTOR] 

[NAME OR APPELLATION] 

Nakada Toshihiko 



[ii.mXii^m [ADDRESS or DOMICILE] 

#^JIim^^^mFJ^E^HIBT2 



(72)[^0^^1 



(72)[INVENTOR] 



10/1/2003 



2/107 



(C) DERWENT 



JP11-251252-A 



] [NAME OR APPELLATION] 

— "s* Ninomiya Takanori 



[ii.mXl~tMfJj] [ADDRESS or DOMICILE] 

(72)[^P^#] (72)[INVENTOR] 

[ 1 [NAME OR APPELLATION] 

^fP ^li Uto Yukio 

[&.mXit^m] [ADDRESS or DOMICILE] 

(72)[|gB^#] (72)[INVENTOR] 

t 

[^^] [NAME OR APPELLATION] 

1="^ 1^5: Nakano HIroyuki 

[ftgFfXfiSRff 1 [ADDRESS or DOMICILE] 

(74)[f^aAl (74)[AGENT] 

[#a±l [PATENT ATTORNEY] 

i&^Xit^m [NAME OR APPELLATION] 

iSi^ Wl^) Takahashi Akio (one other) 

(57)[ mfS^ ] (57)[ABSTRACT of the Disclosure] 



10/1/2003 



3/107 



(C) DERWENT 



JP11-251252-A 




OERWENT 



(fl^iE# ) (Amendments Included) 

[M] [SUBJECT of the Invention] 

yyXV^a^rtco^^^^Ri^coy The plasma-processing method which could be 

r/v>5^>rA^:=^^y:/^'^pItgt^L made to perform realjime monitoring of 

tc:fyX^^M^'i^i6XXl^(D contamination situation in plasma processing 

SM^^#ti^§o chamber, and its apparatus are provided. 

[PROBLEM to be solved] 

^a^l^lc:"7'9XV§r^4$it, in the plasma-processing method which is 

i^yyXVjvij;oXM^i!;a^^^^ made to generate plasma in processing 

i^^r^LT^S^syyXV^S::^' chamber and is processed to processed object 

ife*SJ:t/^(D^e{c*3V^T. gJf by this plasma, and its apparatus, irradiation 

M(Di&^^^L. ^^comi^^ optical system 101 which irradiates light which 

'V^^^^MLtc^^mB^M^ has desired wavelength and carried out 

fHicm^-t^MM^^^lOlt, intensity modulation on desired frequency in 

fute^a^l^;0^^)t#^tL5)tS:gL said processing chamber, scattered-light 

yti:mBWfM(D'^'0:!^j^Vj^M detection optical system 102 which scattered 

LX^:)feLT{f -^fci^^^t-Stfc light obtained from inside of said processing 

gL7tt^t±l7t^?^102t, f^t^SL chamber is separated and received of said 
3t1^{±J^^^;5^t>#^tLSff desired wavelength component, and is 

:A^hmBS1i&^Ml^tcm^(Dm converted into signal, foreign-material signal 

^^^5>&ttttSt^5rtf::J:oT extraction means 103 to separate from what 

y^XV4^^L<{l-?:C0i5f§{z:# depends on said plasma, and to detect signal 

iSL/c^^^^i^jf -^^Mf2:7' which shows foreign material which floated in 

^XV{c:J:6t(7)/5^?55>ilbrtt plasma (or that vicinity) by extracting said 

ttJt^SS^If -^tttB^^103i: desired frequency component which carried out 

^^x.fcy^yX^^^^^^M^^$jrlS>\ intensity modulation from signal acquired from 

^^W^^^^Xmti^M^P^i::^ this scattered-light detection optical system, 

^L/cyyXV4J^b<(i-?:<Dia foreign material which floated in plasma 

{^tCL/^igL/cMi^^f+Sy-f S^<t generated in said processing chamber using 

^WW(^t^^o plasma float foreign-material measuring device 

equipped with these (or the vicinity) is 

measured. 

It is characterized by the above-mentioned. 
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[CLAIMS] 
[CLAIM 1] 

In manufacturing method of semiconductor 
which is made to generate plasma in 
processing chamber, processes to 
semiconductor substrate by this plasma, and 
manufactures semiconductor, irradiation optical 
system which irradiates light which has desired 
wavelength and carried out intensity modulation 
on desired frequency in said processing 
chamber, scattered-light detection optical 
system which scattered light obtained from 
inside of said processing chamber is separated 
and received of said desired wavelength 
component by light irradiated by this irradiation 
optical system, and is converted into signal, 
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^^f$.^^i^tiiir^^tKX.oX foreign-material signal extraction means to 
y7XV't'^L<{i:-?:CDj£^f {^jf separate from what depends on said plasma, 
Ml-tc^n^^Tjk-tit-^^mB':^ and to detect signal which shows foreign 
^XVt^ LT^^ material which floated in plasma (or that vicinity) 

iHir^M^iM^ri^tii^^t^i^ by extracting said desired frequency component 
x/cT'^XVj'^ig^it^ffaij^g which carried out intensity modulation from 
^fflV^T|fffBMa^[^{c|§^L signal acquired from this scattered-light 
7t7'7XVc|3^L<fi-?:CQia{f ic detection optical system, foreign material which 
#jSt/cM!^^f+/f(iJ-r?)^i^# floated in plasma generated in said processing 
^.ti~5¥#^»Mjt;^feo chamber using plasma float foreign-material 

measuring device equipped with these (or the 

vicinity) is measured. 

Manufacturing method of semiconductor 
characterized by the above-mentioned. 

Iff *3I2] [CLAIM 2] 

^m^f^{^yyX^^^±^^, In manufacturing method of semiconductor 
i^7°yX-7{cJ:oT^?§#:£^^{c: which is made to generate plasma in 
MLX^mLX^^mi^^M^ir^ processing chamber. processes to 
¥3>#:(7)M3t::^?iicjoV^T. semiconductor substrate by this plasma, and 
effM©&;g:^^L, fytey^XV manufactures semiconductor, irradiation optical 
(DB]&JSlj&WioX-U^(DM^i^ system which irradiates light which has desired 
SfcfittfEl/yX-vcD^^j^^ wavelength and carried out intensity modulation 
^ioXX)^^(Di^Bii^tM^j:6'B\M on excitation frequency of said plasma and its 
(OM^^X^f^^ML-fc^^m integral multiple or luminescence frequency of 
milkm^P^immi-^m^^^ said plasma, and different desired frequency 
I^Mki^^^XMM^tifz from the integral multiple in said processing 
yti:iX-oXmB^M^{^-/)>hUh chamber, scattered-light detection optical 
ti^BkU.yt^msiWfW.(D)^^)^ system which scattered light obtained from 
X:^MLX^^LXi$^-ic^ inside of said processing chamber is separated 
^ir^Wi:^l^i^li^^^y^t. 5$. and received of said desired wavelength 
nkiiyt^Wii/t^^:A^^^i%hti^ component by light irradiated by this Irradiation 
is-^'^^hmt^^tl.lM^MLfzpJi^ optical system, and is converted into signal, 
(OJi^^^^^^tttH-f SrirdJ; foreign-material signal extraction means to 
oT>'°7XVcl3^L<{4-tW)fiff detect signal which shows foreign material 
fi^'SMLtcM^^7]k-fiB^^)^ which floated in plasma (or that vicinity) by 
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extracting said desired frequency component 
which carried out intensity modulation from 
signal acquired from this scattered-light 
detection optical system, foreign material which 
floated in plasma generated in said processing 
chamber using plasma float foreign-material 
measuring device equipped with these (or the 
vicinity) is measured. 

Manufacturing method of semiconductor 
characterized by the above-mentioned. 

[CLAIM 3] 

A plasma-processing method, in which in the 
plasma-processing method which is made to 
generate plasma in processing chamber and is 
processed to processed object by this plasma, 
irradiation optical system which irradiates light 
which has desired wavelength and carried out 
intensity modulation on desired frequency in 
said processing chamber, scattered-light 
detection optical system which scattered light 
obtained from inside of said processing 
chamber is separated and received of said 
desired wavelength component by light 
irradiated by this irradiation optical system, and 
is converted into signal, foreign-material signal 
extraction means to separate from what 
depends on said plasma, and to detect signal 
which shows foreign material which floated in 
plasma (or that vicinity) by extracting said 
desired frequency component which carried out 
intensity modulation from signal acquired from 
this scattered-light detection optical system, 
foreign material which floated in plasma 
generated in said processing chamber using 
plasma float foreign-material measuring device 
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equipped with these (or the vicinity) is 
measured. 

[CLAIM 4] 

A plasma-processing method, in which in the 
plasma-processing method which is made to 
generate plasma in processing chamber and is 
processed to processed object by this plasma, 
irradiation optical system which irradiates light 
which has desired wavelength and carried out 
intensity modulation on excitation frequency of 
said plasma and Its integral multiple or 
luminescence frequency of said plasma, and 
different desired frequency from the integral 
multiple in said processing chamber, 
scattered-light detection optical system which 
scattered light obtained from inside of said 
processing chamber is separated and received 
of said desired wavelength component by light 
irradiated by this Irradiation optical system, and 
is converted into signal, foreign-material signal 
extraction means to detect signal which shows 
foreign material which floated in plasma (or that 
vicinity) by extracting said desired frequency 
component which carried out intensity 
modulation from signal acquired from this 
scattered-light detection optical system, foreign 
material which floated in plasma generated in 
said processing chamber using plasma float 
foreign-material measuring device equipped 
with these (or the vicinity) is measured. 

[CLAIM 5] 

In plasma-processing apparatus which is made 
to generate plasma in processing chamber and 
is processed to processed object by this 
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plasma, irradiation optical system which 
irradiates light which has desired wavelength 
and earned out intensity modulation on desired 
frequency in said processing chamber, 
scattered-light detection optical system which 
scattered light obtained from inside of said 
processing chamber is separated and received 
of said desired wavelength component by light 
irradiated by this irradiation optical system, and 
is converted into signal, foreign-material signal 
extraction means to separate from what 
depends on said plasma, and to detect signal 
which shows foreign material which floated in 
plasma (or that vicinity) by extracting said 
desired frequency component which carried out 
intensity modulation from signal acquired from 
this scattered-light detection optical system, 
plasma float foreign-material measuring device 
equipped with these was provided. 
Plasma-processing apparatus characterized by 
the above-mentioned. 



i^MLx^m-t^yyx-^^m^ 



[CLAIM 6] 

Plasma is generated in processing chamber. 
In plasma-processing apparatus processed to 
processed object by this plasma, irradiation 
optical system which irradiates light which has 
desired wavelength and carried out intensity 
modulation on excitation frequency of said 
plasma and its integral multiple or luminescence 
frequency of said plasma, and different desired 
frequency from the integral multiple in said 
processing chamber, scattered-light detection 
optical system which scattered light obtained 
from inside of said processing chamber is 
separated and received of said desired 
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t5:SL3t^tufB^McDiK:g:fijc5>l? wavelength component by light irradiated by 

'^Ml^X^^LXiB^i^^^'t this irradiation optical system, and is converted 

^Wcil^^^th^^'^t. into signal, foreign-material signal extraction 

l^tJ:SL7fe^(±S^^^:d^^>#bti' means to detect signal which shows foreign 

^iW^'^^hmtm^&^MLfcpJf material which floated in plasma (or that vicinity) 

MojljS^^Fic5^5rttm-f Sr<t{r by extracting said desired frequency component 

^^xyy:^^^^^L<lt^<Dj5: which carried out intensity modulation from 

fft^y^iSb/c^^^^-f fl-^^ signal acquired from this scattered-light 

1tt±i'r§^^{I^ttm^^<t^ detection optical system, plasma float 

iix./cy9XVJ^$ig^i(^ffi|)j^ foreign-material measuring device equipped 

W^WIrtcZt^i^mti^^yy with these was provided. 

Plasma-processing apparatus characterized by 

the above-mentioned. 

[fS*Jl7l [CLAIM 71 

^a^rtic^yXV^^^^it, in plasma-processing apparatus which is made 

I^T'yXVtcJzoT^^^.S^^^ to generate plasma in processing chamber and 

ic^LT^:fl;a'f5:7°^XV^aiS is processed to processed object by this 

^(cjBl/^T. plasma, irradiation optical system which 

^M«fe5:^WL. M^(7)JiiS irradiates light which has desired wavelength 

X'^^I^^ML-fc^irmti^M and carried out intensity modulation on desired 

F^t^^HIJfft:'— i^T\Bp>ltt*5 frequency with non-diffracting beam in said 

^M^t^^t, processing chamber, scattered-light detection 

tMM^^^^X'M^^titc^ic optical system which scattered light obtained 

^oXmti^M^]ht^h"i^rhti^ from inside of said processing chamber is 

W(.il^i:mtipJf^(D)^M:f^^X separated and received of said desired 

"^Ml^X^ytLXit^l^^^i^ wavelength component by light irradiated by 

^Wn^l^^thyt^^t. this irradiation optical system, and is converted 

l^tfegL)fet^i±J)t^^;6^5>#t>ti into signal, foreign-material signal extraction 

^it^^^^hmti^tlM^^Ltcdj means to separate from what depends on said 

Mcoj^i^l:^t5c:9'^ttttit^5^l(b(c: plasma, and to detect signal which shows 

^^Xy^y:^^^^^L< It^cDii foreign material which floated in plasma (or that 

Bi^'il^MLtc^^^TT^irit-^^ vicinity) by extracting said desired frequency 

HU IB XV (detest) c7:)d^^^BI component which carried out intensity 

LTt^ttJ-f •SS^jff-^W&iti^S modulation from signal acquired from this 

<t^Mx.fcy^X-r j'^ig^tlff iB'J scattered-light detection optical system, plasma 
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t^Wl^t^^':/ float foreign-material measuring device 

equipped with these was provided. 
Plasma-processing apparatus characterized by 
the above-mentioned. 
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[CLAIM 8] 

In plasma-processing apparatus which is made 
to generate plasma in processing chamber and 
is processed to processed object by this 
plasma, irradiation optical system which 
irradiates light which has desired wavelength 
and carried out intensity modulation on 
excitation frequency of said plasma and its 
integral multiple or luminescence frequency of 
said plasma, and different desired frequency 
from the integral multiple with non-diffracting 
beam in said processing chamber, 
scattered-light detection optical system which 
scattered light obtained from inside of said 
processing chamber is separated and received 
of said desired wavelength component by light 
irradiated by this irradiation optical system, and 
is converted into signal, foreign-material signal 
extraction means to detect signal which shows 
foreign material which floated in plasma (or that 
vicinity) by extracting said desired frequency 
component which carried out intensity 
modulation from signal acquired from this 
scattered-light detection optical system, plasma 
float foreign-material measuring device 
equipped with these was provided. 
Plasma-processing apparatus characterized by 
the above-mentioned. 



mm 



[CLAIM 9] 

In irradiation optical system of said plasma float 
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foreign-material measuring device, it comprised 
so that foreign material which forms said 
non-diffracting beam only in the direction of 
surface of surface of said processed object, and 
is unevenly distributed in plasma bulk * sheath 
interface region and which floated could be 
detected. 

Plasma-processing apparatus of Claim 7 or 8 
characterized by the above-mentioned. 

[CLAIM 10] 

In plasma-processing apparatus which is made 
to generate plasma in processing chamber and 
Is processed to processed object by this 
plasma, irradiation optical system which 
irradiates light which has desired wavelength 
and carried out intensity modulation on desired 
frequency in said processing chamber, 
backscattering optical-detection optical system 
which backscattering light obtained from inside 
of said processing chamber is separated and 
received of said desired wavelength component 
by light irradiated by this irradiation optical 
system, and is converted into signal, 
foreign-material signal extraction means to 
separate from what depends on said plasma, 
and to detect signal which shows foreign 
material which floated in plasma (or that vicinity) 
by extracting said desired frequency component 
which carried out intensity modulation from 
signal acquired from this backscattering 
optical-detection optical system, plasma float 
foreign-material measuring device equipped 
with these was provided. 
Plasma-processing apparatus characterized by 
the above-mentioned. 
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[CLAIM 11] 

In plasma-processing apparatus which is made 
to generate plasma in processing chamber and 
is processed to processed object by this 
plasma, irradiation optical system which 
irradiates light which has desired wavelength 
and carried out intensity modulation on 
excitation frequency of said plasma and its 
integral multiple or luminescence frequency of 
said plasma, and different desired frequency 
from the integral multiple in said processing 
chamber, backscattering optical-detection 
optical system which backscattering light 
obtained from inside of said processing 
chamber is separated and received of said 
desired wavelength component by light 
irradiated by this irradiation optical system, and 
is converted into signal, foreign-material signal 
extraction means to detect signal which shows 
foreign material which floated in plasma (or that 
vicinity) by extracting said desired frequency 
component which carried out intensity 
modulation from signal acquired from this 
backscattering optical-detection optical system, 
plasma float foreign-material measuring device 
equipped with these was provided. 
Plasma-processing apparatus characterized by 
the above-mentioned. 



[CLAIM 12] 

In backscattering optical-detection optical 
system of said plasma float foreign-material 
measuring device, it has shading optical 
component which shades regular-reflection light 
from said processing chamber. 
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Plasma-processing apparatus of Claim 10 or 11 
characterized by tlie above-mentioned. 

[CLAIM 13] , 

In irradiation optical system of said plasma float 
foreign-material measuring device, it has 
scanning optical system which scans surface 
top of said processed object for said light along 
this surface. 

Claim 5 or 6 or 7 or 8, 9, or plasma-processing 
apparatus of 10 or 11 characterized by the 
above-mentioned. 

[CLAIM 14] 

In irradiation optical system of said plasma float 
foreign-material measuring device, intensity 
modulating frequency is between excitation 
frequency of said plasma or luminescence 
frequency of said plasma, and directjiowing 
component. 

Claim 5 or 6 or 7 or 8, 9, or plasma-processing 
apparatus of 10 or 11 characterized by the 
above-mentioned. 



[immi5] [CLAIM 15] 

H^^fE^a^{c^^v^T. mm:fy in said processing chamber, observation 
^-^'Smmmmmm(DmM aperture which permeates light irradiated 
¥^(cJ;oTEiW$ti'5^i:Hifte according to irradiation optical system of said 
yyp<-^mmMmtmmm(Dm plasma float foreign-material measuring device 
iiyt^tayt^^X'^tai-^mi and scattered light which detects by 
^tmrni-m-mm^m-f. m scattered-nght detection optical system of said 
mm^(DpmiCKlt±fiZmm plasma float foreign-material measuring device 
**L/ct^ ^ct9 (CASSIS ^t^i^ii is provided, inner face of this observation 
P5±^^^m^tz^t^WMt aperture was equipped with reaction-product 
i-Umm5^fcm^tcmi^fz deposition prevention means to keep reaction 
{±8^fc(i9t/c«10*^cfillta product from depositing. 
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-.(Dy-yX-rmmmm. Claim 5 or 6 or 7 or 8, 9. or plasma-processing 

apparatus of 10 or 11 characterized by the 
above-mentioned. 

Ift^ilie] [CLAIM 16] 

M^F*g{:::/7XV^I84$-fr. irradiation optical system which irradiates light 
Myy^^icJ:^Xi¥^mi^mmi^ which has desired wavelength and carried out 
MLXl^mmmU^r-h, mm(D intensity modulation on desired frequency while 
«^*-L. mm<Dm&-X:-^^ generating plasma in processing chamber and 
m^mX^tzyt^mmmm^^i:: carrying out film-forming processing to 
mM-rmM^^mt. semiconductor substrate by this plasma in said 

• 3fc^^-eM#t$nfc^{cj;oT processing chamber, scattered-light detection 
Wffi^a^^^.b#?,tl§t5:5L optical system which scattered light obtained 
^^mmmm<D^^!^^AX^yM from inside of said processing chamber Is 
l^-^^^LXim^-izm^-r^m separated and received of said desired 
SL^mm^^^ir, imu.i/t^ wavelength component by light irradiated by 
l^^^m^^nhfim^^^hm this irradiation optical system, and is converted 
mmmmLtzpJfm<Dmmm}^ mto signal, forelgn-matehal signal extraction 
'^^mi-^^ti^LX^xy-yX means to separate from what depends on said 
^^^L<it^<7)i5:immmLtz plasma, and to detect signal which shows 
^m^^^-tim ^^mi^zfyX-^ foreign material which floated in plasma (or that 
\-^i^^^m>h^M\.X^^-t^ vicinity) by extracting said desired frequency 
Wk\^^m^^^t^i^7Lfz-f component which carried out intensity 
^^^-^nmrnrnwrnrnw^m^- modulation from signal acquired from this 
XWm'^m^M-^^'kA.tzfy scattered-light detection optical system it has 
^■^^m\^<\t.Wi5.m\mm\. film-formlng process which measures foreign 
f^mmmm-^^^m-XM^^ material which floated in plasma generated in 

said processing chamber using plasma float 
foreign-material measuring device equipped 
with these (or the vicinity). 
Manufacturing method of semiconductor 
characterized by the above-mentioned. 

\%timxi\ [CLAIM 17] 

^a^rttcy^XV^Ig^^^t. Irradiation optical system which irradiates light 
^m^Mz^M'^mmmx.X which is made to generate plasma in 
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rffr^J T'^'"'' processing chamber, has desired wavelength, 

^au/^^^P,. 3f Mo^g^^ carrying out etching processing by said plasma 
U PJfm<Dmm§,V^mmmUc to semiconductor substrate formed into a film 
^^mmm^fHim^-rm and carried out intensity modulation on desired 
^^^mt.mmm^^^X'm frequency in said processing chamber 
^$tifc3fe(-J;oTBulB^S^ scattered-light detection optical system which 
f^^>^%^i^^^iL^^mmm scattered light obtained from inside of said 
M^jgg^^T-^-llLXS^t processing chamber is separated and received 
T{a^fC'^^t-5MgL^Mtti3t of said desired wavelength component by light 
^^^t.mmiLytmi^^m> irradiated by this irradiation optical system and 
^i^^^iB^^^hmmm&mm is converted into signal, foreign-material signal 
l^tzmm^m^mj^^^mHii- extraction means to separate from what 
6^t(cJ:oTyVX-vcf:^t<« depends on said plasma, and to detect signal 
^JDjGiimmmLtcMm^^^'r which shows foreign material which floated in 
f^^^'^^^^^-^^-^^^^^^ plasma (or that vicinity) by extracting said 
^J^mLXi^tatmrnM^m desired frequency component which carried out 
m^^tm^tzyyX-^^^mM intensity modulation from signal acquired from 
^ni-mmm^m\^-xmtmmm this scattered-light detection optical system it 
F^i^^4L/c77XVct.^t<fi has etching process which measures foreign 
^(Oi&mK^mLtcmmm^i material which floated in plasma generated in 

iS^^fl^f f ^^^"^"^^^^ ^^'"^ processing chamber using plasma float 
mmt-rz^mi^<Dmm^m. foreign-matenal measuring device equipped 

with these (or the vicinity). 
Manufacturing method of semiconductor 
characterized by the above-mentioned. 
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[CLAIM 18] 

Irradiation optical system which has desired 
wavelength and irradiates light which carried 
out intensity modulation on excitation frequency 
of said plasma and its integral multiple or 
luminescence frequency of said plasma, and 
different desired frequency from that integral 
multiple in said processing chamber for 
film-forming while generating plasma in 
processing chamber for film-forming and 



10/1/2003 



16/107 



(C) DERWENT 



JP11-251252-A 




^'Z^f f '"^^'"9 film-forming processing to 

X,..tt$nfc^(cJ:oTgilB^!e semiconductor substrate by this plasma 
mm^m^P^f^^^n^f,^^^ scattered-nght detection optical system which 
^^m^^mm(Dm.^j^^Ai:'^M scattered light obtained from inside of said 
LT^^LTfi^fC'^^^-rstS: processing chamber for film-forming is 
^^^l^%^%t.mmil%^ separated and received of said desired 
m%^m^hn^tim^t>m\ wavelength component by light irradiated by 

this irradiation optical system, and is converted 
into signal, said desired frequency component 
which carried out intensity modulation is 
^e^fehuj _ ®^*^3cted from signal acquired from this 

Is -rmm^^tm^rz^yX^ scattered-light detection optical system 
^m^nmmmt:m^XntiB Foreign-material signal extraction means to 
JM^MF^(.|g^L^c7"9 detect signal which shows foreign material 

^Zl^ "^""^^^^^'^^^ '''^'"'^ P'^«^3 the vicinity), it has 

^^^^f+iiij-f S^ll^Xg^W film-forming process which measures foreign 

'r^:-t^mti-^^mi^a,m material which floated in plasma generated in 
° said processing chamber for film-forming using 

plasma float foreign-material measuring device 
equipped with these (or the vicinity). 
Manufacturing method of semiconductor 
characterized by the above-mentioned. 



m^wt3^if^<Dmminirzit 
^^x^^^mLtzyt^mm^ 



[CLAIM 19] 

Irradiation optical system which irradiates light 
which is made to generate plasma in 
processing chamber for etching, has desired 
wavelength, carrying out etching processing by 
said plasma to semiconductor substrate formed 
into a film, and carried out intensity modulation 
on excitation frequency of said plasma and its 
integral multiple or luminescence frequency of 
said plasma, and different desired frequency 
from the integral multiple in said processing 
chamber for etching, scattered-light detection 
optical system which scattered light obtained 
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from inside of said processing chamber for 

^^nnnmm<D^^,^y^-^^^M etching is separated and received of said 
^IZl^J^"^^^^^'^^^ ^^"""^^ wavelength component by light 

^iltt ^^"^^"^^^ ^'Q"^'- foreign-material signal 

/ ?f fJ'^^^''^^^^ "^^^"^ t° d^t^-t Signal which shows 

^ Jfflffi-r§r^(^J:oT::/7X foreign material which floated in plasma (or that 

Ilt-^j^^"'^^^"'^*®^^^ ^^^^^^«"9 s^'d desired frequency 

Jt>^.-i.-rfS^^^ffit-§^^ component which carried out intensitv 

iBm^th^^tmK.rcy^X-^ modulation from signal acquired from this 

r^MMmmmm^m^xmm scattered-llgm detection optical system it has 

-^y=^ym^mm^t^^±Lfc etching process which measures foreign 

ir^llt^.t'fJ ""^^^'^^^ P'^^-^^ generated in 

f j/il^-t f"^^"''^'^''^ '''' P^^'^^^^'"^ ^^^'"^^^ etching using 
tti; "^^^'"^^^ foreign-material measuring device 

equipped with these (or the vicinity). 
Manufacturing method of semiconductor 
characterized by the above-mentioned. 

[1**^20] [CLAIM 20] 

mmm^lzy-yX^^^^^^^ ""^^diation optical system which irradiates light 

^ilfi"^'*'^^*^*'^ "'^'"^ '^^^ ^^"""^^ wavelength and carried out 
MLXjmmmLfj:^>^^ mm<0 intensity modulation on desired frequency while 

f ;^f,^;,^S^,2^5r^ generating plasma in processing chamber and 
^^-^\^tz±t:wi$mmmmc carrying out film-forming processina to 

l%%TJltf'^ -'^^-^^ byUp™ sa!: 

SJltllf processing chamber, scattered-light detection 
m^^mmm^P.nhti?>mi optical system which scattered light obtained 

;^5r;f;,^»;^^"^"^« fr^'" '"^'-d- 0^ said processing chamber is 
^r^±LXiBmz^m-r^m separated and received of said desired 

l^i^^,^^^' wavelength component by light irradiated by 

-tt ? ii?^^^'^^^ '''' ^y^*^-- is converted 

f ^""^^^"^ '"'^ ^°^e'9"-"^aterial signal extraction 

. 1^ i"'^'^^''" *° ''^''^'^ ^h^t depends on said 

llt- J-.'^^ff ^'^^^^'^ ^^^-^ ^'9nal Which Shows 

M^^,-,.-r^a^^H.jfB7°7X-^ foreign material which floated in plasma (or that 
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i^^^hm^^^^mLX^m-r^ Vicinity) by extracting said desired frequency 
Mm^^mtii^^t^mA.tcy component which carried out intensity 
-y^^WmmmtmrnW^mi.^ modulation from signal acquired from this 
rmtmrnmp^izm^Ltz^y scattered-light detection optical system 
^^^^L<it^<Di5:imami. film-forming process which measures foreign 
tcmm^mi-rmmnUt. material which floated in plasma generated in 
mmmfH^cyyX-^^^^^^^ said processing chamber using plasma float 
B^y7X^(c:J:oTllffiE«xm foreign-material measuring device equipped 
-e^llI$nfc^^#:S«{c^L with these (or the vicinity), irradiation optical 
X:^'y^y^MU£:ii>h. f^m system which in-adiates light which is made to 
<om^i:y^L.mm(ommmx generate plasma in processing chamber has 
Wmm\.tc%^mtmnmp^ desired wavelength, carrying out etching 
^m^-rmM^^^t. mm processing to semiconductor substrate formed 
*r3t^mTM#$nfc3fe(cj;o into a film by this plasma in said film-fomiing 
XmtmmMP^t^m^nm process, and carried out intensity modulation on 
mtmmmm<Dm^mx^^ desired frequency in said processing chamber, 
mX^X'^^LXiB^K^mir^ scattered-light detection optical system which 
mi^^l^^^^t. mmiit scattered light obtained from inside of said 

processing chamber is separated and received 
mm^m^mLfzmm(Dmm^ of said desired wavelength component by light 
J^f^^^\^t^Z.t\cX.^X^y irradiated by this irradiation optical system, and 
^^'^mXAi.iWAmimmL is converted into signal, foreign-material signal 
tz^m^7is^im^^m%^-:/yX extraction means to separate from what 
■^\M^m^h^:^mLX^^'r depends on said plasma, and to detect signal 
^^min^Wm^Wit^mx.fc which shows foreign material which floated in 
•^■y^J'^m^mmymW^m plasma (or that vicinity) by extracting said 
^^TmJlBMa^l^ \cm^\^tc-^ desired frequency component which carried out 
y^-^'¥m\.<l,t^(Dmmmm intensity modulation from signal acquired from 
\^tzmmmm-t^:^yJ-l^yiL this scattered-light detection optical system it 

^^^^t^^'^^'*^^^'^^''" ^^''^'"S Process which measures foreign 
i*:<^M^jfe„ material which floated in plasma generated in 

said processing chamber using plasma float 
foreign-material measuring device equipped 
with these (or the vicinity). 
Manufacturing method of semiconductor 
characterized by the above-mentioned. 
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[iS*JS2ll [CLAIM 21] 

mm^Mf^i^yyX-r^m irradiation optical system which has desired 
tZ^^ 5^:^:7X-r{cj;o-C¥^ wavelength and irradiates light which carried 
i^mmicMLXj^mmmVf£A^ out intensity modulation on excitation frequency 
6. m^<^iKS^#L. of said plasma and its integral multiple or 

^^^m^m&m^XV^^<Dm luminescence frequency of said plasma and 
min^tcimm-:fy^^'rff)^yt different desired frequency from that integral 
m^m:^^XJ^^(Dmmtm^ multiple in said processing chamber for 
mm<Dm^mx^m^^mLtz^ rum-forming while generating plasma in 
^mtmmmmmi^icmM-t processing chamber for film-forming and 
^M^^^^t.mm^^^l^ carrying out film-forming processing to 
T:-Ba|t$tL/c^(cj;oTHij|B^ semiconductor substrate by this plasma 
mm^m^(h^^hnhn=5mi scattered-light detection optical system which 
m^'immmcD^mi^y^V^m scattered Ught obtained from inside of said 
^r^^LXiu-^riz^^-r^^ processing chamber for film-forming is 
il^^mit^mt.mmu.yt^ separated and received of said desired 
m^^mi^hm^nm^^>^m wavelength component by light irradiated by 
nmiMmmLtcmm<Dj^&mi^ this irradiation optical system, and is converted 
^^tttai-S^i:{cj;oT:/7X into signal, foreign-material signal extraction 
^^\X(ti<DmmmmLtc means to detect signal which shows foreign 
fs ^mm-tmm material which floated in plasma (or that vicinity) 
im ^mm^mtm^tz^yX-^ by extracting said desired frequency component 
^^Mmmmmm^m^^xmm which earned out intensity modulation from 
l^m^mmmPm-^m^Ltzyy signal acquired from this scattered-light 
^^^mL<it^(Di&miz^mL detection optical system, film-forming process 
fzMm^m\-r?>mMxmt. which measures foreign material which floated 
^y^^y^^mm^hizyyx-^ m plasma generated in said processing 

K^7X-7(c:J;oT chamber for film-forming using plasma float 
mnmmxUXl^m^ntzm forelgn-matenal measuring device equipped 
^mmLMLX:^y^yV^mL with these (or the vicinity), irradiation optical 
^•s:^^^. PJfm<D-&^^?^L, HijsB system which irradiates light which is made to 
■:^-7X'^(DFmmi&mJ^^m generate plasma in processing chamber for 
'Dmm^t.tzimsiyvX-T<D etching, has desired wavelength, carrying out 
^^m&mi^XZf^cDmm^t etching processing to semiconductor substrate 
M^£mm<Dm'^mxm&a formed into a film by this plasma in said 
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Utyt^mm:^y^y^-^mm^ film-forming process, and carried out intensity 

modulation on excitation frequency of said 
mM^^y^-^-mmntcmcX plasma and its integral multiple or luminescence 
^Xmm:^y=f-y^mmmmfh frequency of said plasma, and different desired 
^-^i^hti^mH^^msmm frequency from that integral multiple in said 
<OMm^X^^MLX§:^LX processing chamber for etching, scattered-light 
iB^i^mmr6mn.miii^m detection optical system which scattered light 
^t.mmi^^ta^^m^b obtained from inside of said processing 
m<t>^i>iB^^>hmmamL chamber for etching is separated and received 
tcmm<Dm^M'^^miiii-^ of said desired wavelength component by light 
^.tic^^X^yX-^^^lXit^ irradiated by this irradiation optical system and 
(Dmmc^mLtzMm^TT^irm is converted into signal, foreign-material signal 
^m^-rmma^i^m^m extraction means to detect signal which shows 
tm>Lfc-:/yX^nm^mm\ foreign material which floated in plasma (or that 
mm^m^^Xmm^^y^^^m vicinity) by extracting said desired frequency 
^mm^icm^LfcyyX-^^ component which carried out intensity 
^L<it^<Di&mimmLtzm modulation from signal acquired from this 
^mi]i-^:^y^>^^'j:Utm scattered-light detection optical system it has 
't^:it^Wmt-r^H^mi^<Dm etching process which measures foreign 

material which floated in plasma generated in 
said processing chamber for etching using 
plasma float foreign-material measuring device 
equipped with these (or the vicinity). 
Manufacturing method of semiconductor 
characterized by the above-mentioned. 

mm(Dmmfmm] [detailed description of the 

INVENTION] 



[0001] 



[0001] 



[mm<Dmirmm^Am] [technical field of the invention] 

^mmit. 7»7XV^S^f^{c: This invention relates to manufacturing method 

'imLtc-^y^^uy<DM^^. f of semiconductor which carried out in-situ (spot) 

■7^^%%^(D^^(0^%^^ measurement of the submicron foreign material 
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CO M ^ a ^ ^ CD ^ ^ ^ l^i] _h 
[00021 



which floated in plasma processing chamber 
during processing, without being influenced of 
disturbances, such as plasma luminescence, 
and aimed at yield improvement of processed 
objects, such as semiconductor substrate, the 
plasma-processing method, and its apparatus. 

[0002] 



y 7XV ^ P*^ L ^: 



^"^^i^-t^'D^MmftLX 

it. #llBg57-118630-^<2;j|g 
C^^&mD.^mm- 25355 

§S¥6-82358-^<2^^(|¥3feS 
^154), #|l5p6-124902-§ 



[PRIOR ART] 

As a prior art which carries out monitor of the 
foreign material which floated in plasma 
processing chamber, there are 
Unexamined-Japanese-Patent No. 57-118630 
(prior art 1), Unexamined-Japanese-Patent No. 
3-25355 (prior art 2), 

Unexamined-Japanese-Patent No. 3-147317 
(prior art 3), Unexamined-Japanese-Patent No. 
6-82358 (prior art 4), and 

Unexamined-Japanese-Patent No. 6-124902 
(prior art 5). 



[0003] 

-tB^^^ikWs licit, Rft-^m 

mmwi7yt<Dm^=t^nxmm 

Rit^^miii:jio\^^xm±-t^mi 

^MLtcmmmmi^^^nx 



[0003] 

Means to irradiate to reaction space parallel 
light which has spectrum of self-luminescence 
light in reaction space, and different spectrum in 
the above-mentioned prior art 1, vapor 
deposition apparatus possessing means to 
detect scattered light from fine particles 
generated in said reaction space in response to 
said parallel irradiation of light is known. 
Moreover, in the above-mentioned prior art 2, in 
small-particle measuring device which 
measures small particle adhering to base-plate 
surface for semiconductor devices, and small 
particle which floated using scattering by laser 
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fcV^T.j&^7)iR— e^gSwfi:. beam, laser-beam phase-modulation section 
^mA'^hmm<Dm^m-cmm which generates two laser beams modulated on 
^titc2:^<DU~^yt^^^^^ fixed frequency with mutual phase difference 
^ytU^mmUt. ±152 with the same wavelength, optical system made 
^<DU^^^^_tmm>mm to cross m space containing small particle which 
X^hmmn^^^t^^mr^^ is the above-mentioned measuring object about 
^T^M^iirS^^.^^. ±E2 said 2 laser beam, optical-detection section 
:^(7yu^-^^<7)^^^n,tzmm which light scattered by small particle which is 
i^^^^xmmM^XhmM measuring object in region to which said 2 laser 
^(^cfcJJtJcSL^-frfc^^g^L. beam crossed is received, and is converted into 
m^iB^iz^m'r?>yt^ti\1^ electncal signal, signal-processing section from 
^(DmiytiMmm^^-(D which it is that phase-modulation signal and 
^-^^^nil^-fytmmmUX frequency in the above-mentioned laser-beam 
<^immmtmikmm- phase-modulatlon section are the same or 
^rcl-i2inx. ^^-^±mim^m double m electncal signal by this scattered light 
fa ^tcDimm^t^mmic-^m and phase difference with the above-mentioned 
i:-fc5fa^^5>^^^)tU-rfI^ phase-modulation signal takes out fixed signal 
^mUtm^rmmi^mm component m time, small-particle measuring 
mm:^-^hh.X\. device equipped with these is known. 

10004] [0004] 

^fc.±tm^m73im.=^h- IVIoreover, technique which measures 
\^^hyt^^^mMLXRf^.mm contamination in the above-mentioned reactor 
^xmii-^^^iomxm^ is described by this analyzing the 
^■^?>:^v^yy ±sBSJS:^(^ above-mentioned scattered light including step 
xmii-^ytmHi-r^^^^yzf which generates light which carries out 

scanning irradiation of the coherent light, and 
M^-r^^tlcJ:<0±niRm^fH are scattered on the above-mentioned prior art 
<^'^mm^^^mumm 3 withm reaction container on that spot, and 
tLTV^S,, ^tc. -tsefA§*S«4 step which detects light scattered within the 
iai. ^-if3t^^^-r5i/— r above-mentioned reactor 
^^t. 1ttU^tL§^#fe-f.^^ Moreover, laser means to generate laser beam 
t^yy:^^^my-,u<DRjtm to the above-mentioned prior art 4, scanner 
P^(Dmm^±mu~^^VM^ means to scan region in reaction chamber of 
•t^^:^^^-r^^t. ±Bmm plasma-processmg tool containing particles 
(OU^icX^xmiLtzU-^-f^ which it should detect by the above-mentioned 
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laser beam, video * camera means to generate 
video signal of laser beam scattered by particles 
in the above-mentioned region, means to 
process and display image of the 
above-mentioned video signal 
Particle detector which has these is described. 
Moreover, in the above-mentioned prior art 5, 
camera apparatus which observes plasma 
generation region in plasma processing 
chamber, data-processing section which 
processes image acquired by this camera 
apparatus, and acquires target information, 
control section which controls at least 1 among 
exhausting means, process gas introduction 
means, high-frequency-voltage application 
means, and purge-gas introduction means to 
decrease particle based on information 
obtained by this data-processing section, 
plasma-processing apparatus equipped with 
these is described. 



[0005] 



[0005] 

Moreover, as a prior art about fine-particle 
measuring device used for high washing 
process control, such as semiconductor and 
chemical manufacture process, there is 

Unexamined- Japanese-Patent No. 63-71633 
(prior art 6). 

The number apparatus of fine_particle_gauges 
which becomes this prior art 6 from phase 
detector for measuring signal from means for 
carrying out intensity modulation of the laser 
beam by constant frequency and detector of the 
same frequency as intensity modulating 
frequency of laser beam in particle detector 
which irradiates laser beam to micro region of 
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Xit, 256MbitDRAM. ^^[^ 
0. 25-0. 18 a mtWmitcD- 



container which passes sample test substance, 
and detects scattered light from particles in 
sample is described. 

[0006] 

[PROBLEM to be solved by the Invention] 

With plasma-processing apparatus, reaction 
product generated by plasma processing 
deposits to wall surface or electrode of plasma 
processing chamber, and this accompanies and 
exfoliates in time passage and constitutes float 
foreign material. 

During plasma processing, this float foreign 
material attaches to processed object lifter, and 
causes defect. 



Or it traps by bulk * sheath interface of plasma, 
and the moment plasma processing was 
completed and plasma discharge stopped, it 
falls to processed object lifter, poor 
characteristics and poor appearance are 
caused as an adhesion foreign material. 
Eventually, yield decline of processed objects, 
such as semiconductor substrate, was caused. 
On the other hand, high integration (for 
example, in field of semiconductor, high 
integration progresses to IGbitDRAM from 
256MbitDRAM, and 0.25 to 0.18 micrometer 
and miniaturization of minimum line width of 
circuit pattern are enhanced) of circuit pattern 
fomied In processed objects, such as 
semiconductor substrate, progresses, when 
carrying out plasma processing, micro foreign 
material of submicron order which floats in 
plasma (or the vicinity) also needs to be 
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measured. 
[0007] 

Then, in plasma-processing apparatus, it is 
required that micro foreign material of 
submicron order which floats in plasma (or the 
vicinity) during plasma processing should also 
be measured without being Influenced of 
disturbances, such as plasma luminescence. 
However, plasma luminescence is relationship 
which has continuous wavelength spectrum 
ranging from ultraviolet region to near-infrared 
region, and it is difficult to separate with plasma 
luminescence and to detect submicron micro 
foreign material which floats in plasma (or the 
vicinity) according to spectrum described by the 
above-mentioned prior art 1 . 



[00081 



[0008] 

It did not consider about point that it is going to 
separate with plasma luminescence and is, as 
explained above, going to detect very feeble 
scattered light obtained from submicron micro 
foreign material of prior art 1-5 which floats in 
plasma (or the vicinity) either. 
Moreover, prior art 6 measures particles in 
sample which flows into container. 
It does not consider about point that it is going 
to separate with plasma luminescence and is 
going to detect very feeble scattered light 
obtained from submicron micro foreign material 
which naturally floats in plasma (or the vicinity). 
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10009) [Ojjgj 

l+r;- / 1'**;^"* P'-^™-P™oessing meftod which improved 

^t^^r f "^'^^'^ ^^"^"-"y Which 

"^'^'^'^ P"^'™ luminescence during 

u^*™"^ '"»'"'<^" P' 1"='"- 0' 

X Mill J?-^'^^''' """^ P'^^™^ P'"^^'"^ Chamber, or i,s 
^j»aSrt«r5*«S«,T Vicinity .ha. .he above-men.ioned subject 

*i*tr. i',^f -^Ltime monitoring 

itSil J; °' "'"'^'"'"^"P" ^ift-ation in plasma processing 

?? >fS ^ improvement, and 

n^t\ch^^ ^tz. ^mmom its apparatus 

Z^^^r^^!'.^^''^" ^'^^^^^^ t'^- mention 

r^'^^""^ ^'■^"'^-"^y detection sensitivity 

cT^f-y .^p>*T«yf iSLAc Which separates with plasma luminescence and 

detects about micro foreign material floated to 
submicron of inside of plasma in plasma 
processing chamber, or its vicinity, enables 
realjime monitoring of contamination situation 
in plasma processing chamber, is high yield and 

,-1 + ^ -^t/^ P''°v'd'ng manufacturing method of 

kLfc^#^(^Mia;^ffiSrft#fc semiconductor which enabled it to manufacture 
T^^tl^h^^ high quality semiconductor. 



(B] ± L T 7 X V ^ ^ (A| 



looio] 



[0010] 

[MEANS to solve the Problem] 

In manufacturing method of semiconductor 
which this invention makes generate plasma in 
processing chamber, processes to 
semiconductor substrate by this plasma, and 
manufactures semiconductor in order to attain 
the above-mentioned objective, irradiation 
optical system which in-adiates light which has 
desired wavelength and carried out intensity 
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OEI^^A/EISJT 

modulation on desired frequency in said 
processing ciiamber, scattered-liglit detection 
optical system which scattered light obtained 
from inside of said processing chamber is 
separated and received of said desired 
wavelength component by light irradiated by 
this irradiation optical system, and is converted 
into signal, foreign-material signal extraction 
means to separate from what depends on said 
plasma, and to detect signal which shows 
foreign material which floated in plasma (or that 
vicinity) by extracting said desired frequency 
component which carried out intensity 
modulation from signal acquired from this 
scattered-light detection optical system, foreign 
material which floated in plasma generated in 
said processing chamber using plasma float 
foreign-material measuring device equipped 
with these (or the vicinity) is measured. 
It is manufacturing method of semiconductor 
characterized by the above-mentioned. 
Moreover, this invention generates plasma in 
processing chamber, and is set to 
manufacturing method of semiconductor which 
processes to semiconductor substrate by this 
plasma, and manufactures semiconductor, 
irradiation optical system which irradiates light 
which has desired wavelength and carried out 
intensity modulation on excitation frequency of 
said plasma and its integral multiple or 
luminescence frequency of said plasma, and 
different desired frequency from the integral 
multiple in said processing chamber, 
scattered-light detection optical system which 
scattered light obtained from inside of said 
processing chamber is separated and received 
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of said desired wavelength component by light 
irradiated by this irradiation optical system, and 
is converted into signal, foreign-material signal 
extraction means to detect signal which shows 
foreign material which floated in plasma (or that 
vicinity) by extracting said desired frequency 
component which carried out intensity 
modulation from signal acquired from this 
scattered-light detection optical system, foreign 
material which floated in plasma generated in 
said processing chamber using plasma float 
foreign-material measuring device equipped 
with these (or the vicinity) is measured. 
It is manufacturing method of semiconductor 
characterized by the above-mentioned. 



[0011] 

IVIoreover, this invention generates plasma in 
processing chamber, and is set to the 
plasma-processing method processed to 
processed object by this plasma, irradiation 
optical system which irradiates light which has 
desired wavelength and carried out intensity 
modulation on desired frequency in said 
processing chamber, scattered-light detection 
optical system which scattered light obtained 
from inside of said processing chamber is 
separated and received of said desired 
wavelength component by light irradiated by 
this irradiation optical system, and is converted 
into signal, foreign-material signal extraction 
means to separate from what depends on said 
plasma, and to detect signal which shows 
foreign material which floated in plasma (or that 
vicinity) by extracting said desired frequency 
component which carried out intensity 
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^tzyvX-^^mmmmmm modulation from signal acquired from this 
^m^-xmmm^f^{^m±L scattered-light detection optical system, foreign 
fc:/7XV4i^t<(i^<^iaf#{c material which floated in plasma generated in 
nmLtc^mmm-r^^tm said processing chamber using plasma float 
mtir^^^tc.^mmit.^m foreign-material measuring device equipped 
^[^ (cyyXV^H^^iJ:^ my with these (or the vicinity) is measured. 
7XV(cJ:oTMM^*ife(c^ It is characterized by the above-mentioned 
L-CMa-t-5^7XV^S^&(c Moreover, this invention generates plasma in 
fev^T. pJfm(D^^^^L. mm processing chamber. In the plasma-processing 
yy^^oy^jmrnm^^Xm method processed to processed object by this 
<Dmmn^tcltmmy-7X-T<D piasma, irradiation optical system which 
?i^m^§ct^Xm(Dmm^t irradiates light which has desired wavelength 
MfJ:mm(Dmmmx^^&a and carried out intensity modulation on 
i^tc^^mm^m^fhimM-t excitation frequency of said plasma and its 
^m^it^^t.mmM^^^ integral multiple or luminescence frequency of 
X-m^:^fitc^KX^Xmtm said plasma, and different desired frequency 
mmfyi^hnibtl^mn.^^m from the integral multiple in said processing 
nmm<Di&Ml^'^V^MLX§: chamber, scattered-light detection optical 
ytLXji^ic^^-r^miyt^ system which scattered light obtained from 
ffi^t^^i:. smu^^ma^m inside of said processing chamber is separated 
m>ibmhtim^t-(bmm^m and received of said desired wavelength 
^MLrcpJfm(Dm^&M'j^^m component by light irradiated by this irradiation 
m-r^^ticX^xyvX^tp^ optical system, and is converted into signal. 
\Xlt^(D^im^'»mLfcM!^^ said desired frequency component which 
^--riH^^miiiirmmt^-m earned out intensity modulation is extracted 
aj^S<t^ii^fc:7Vxv#^^ from signal acquired from this scattered-light 
<^mmm^P^ V ^Tp te^a^ detection optical system. 
fHl>m^L±yyX^^^^L<it Foreign-material signal extraction means to 
i<^&immmLfc^^tnm] detect signal which shows foreign material 
■t^^tmrntt^o which floated in plasma (or the vicinity), foreign 

material which floated in plasma generated in 
said processing chamber using plasma float 
foreign-material measuring device equipped 
with these (or the vicinity) is measured. 
It is characterized by the above-mentioned. 
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^ti.^mmit.^mm(^{z.yy Moreover, this invention generates plasma in 

f^y^XVf^ij; processing chamber, and is set to 
'^xm^mM^'^^^MLxmm plasma-processing apparatus processed to 
-r5:/7XV^S^^{-*3^^T. processed object by this plasma, irradiation 
^MoiSS^^L. mm<Dm& optical system which Irradiates light which has 
^X'^m^mUzmmmm desired wavelength and carried out intensity 
^P^imm-rmHyt^mt. modulation on desired frequency in said 
smMJt^^xmM^ntc^i^ processing chamber, scattered-light detection 
^^XmBmm^P^^-^mti6 optical system which scattered light obtained 
m.mmni0im<DmMm'AX from inside of said processing chamber is 
'MLX§:ytLxm^r{cmm-r separated and received of said desired 
?>mi^^lii^^y^^t. wavelength component by light irradiated by 

^mm^^m^^hnibtim^ this In-adlatlon optical system, and is converted 
^'^mmsmmmUcmmom into signal, forelgn-material signal extraction 
^mi^'^mtii-r6:itlcX^X means to separate from what depends on said. 
^7XVcf.^L<«^«i£^fc# plasma, and to detect signal which shows 
MLtcM^^TjKtiB ^^mB-f foreign material which floated in plasma (or that 
y^^^ic^^hm^h'MLX^ vicinity) by extracting said desired frequency 
t^i-mmB^mta^mt^m component which carried out intensity 
^tc^yX-ri^mMmtmrnm modulation from signal acquired from this 
^mnzZt^i^mt't=5o ^tz. scattered-Hght detection optical system, plasma 
^mmiX mmMlHizyyX-^i: float foreign-material measuring device 

g^7°7XV J;o Tl^ equipped with these was provided. 
^S^*#;(C*f it is characterized by the above-mentioned. 

7X-7^a^a{c*JVNT,BifM(D IVIoreover, this invention generates plasma in 
^S?rWt. SiJteyVxV(7)lij|e processing chamber, and is set to 
m&m:^XU^(Dmmi^^tcii plasma-processing apparatus processed to 
mm:fyX^(Dm^m'm^is^ processed object by this plasma. Irradiation 
V^^(DmntM^^mm(Dm optical system which irradiates light which has 
^^X^m^MLtcyt^mtm desired wavelength and carried out intensity 
mmfhlzm^-rmM^^m modulation on excitation frequency of said 
^mMyt^^xm^^titc^ plasma and its integral multiple or luminescence 
l>^^-oXms^mm\^^>hmhti frequency of said plasma, and different desired 
^J^mm^mm<Di^^l^'^ frequency from the integral multiple in said 
X^^mLX^ytLXim-i^mm processing chamber, scattered-light detection 
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optical system which scattered light obtained 
from inside of said processing chamber is 
separated and received of said desired 
wavelength component by light irradiated by 
this irradiation optical system, and is converted 
into signal, foreign-material signal extraction 
means to detect signal which shows foreign 
material which floated in plasma (or that vicinity) 
by extracting said desired frequency component 
which carried out intensity modulation from 
signal acquired from this scattered-light 
detection optical system, plasma float 
foreign-material measuring device equipped 
with these was provided. 
It is characterized by the above-mentioned. 

[0013] 

IVloreover, this invention generates plasma in 
processing chamber, and is set to 
plasma-processing apparatus processed to 
processed object by this plasma, irradiation 
optical system which irradiates light which has 
desired wavelength and carried out intensity 
modulation on desired frequency with 
non-diffracting beam In said processing 
chamber, scattered-light detection optical 
system which scattered light obtained from 
inside of said processing chamber is separated 
and received of said desired wavelength 
component by light irradiated by this irradiation 
optical system, and is converted into signal, 
foreign-material signal extraction means to 
separate from what depends on said plasma, 
and to detect signal which shows foreign 
material which floated in plasma (or that vicinity) 
by extracting said desired frequency component 
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which carried out intensity modulation from 
signal acquired from this scattered-light 
detection optical system, plasma float 
foreign-material measuring device equipped 
with these was provided. 
It is characterized by the above-mentioned. 
Moreover, this invention generates plasma in 
processing chamber, and is set to 
plasma-processing apparatus processed to 
processed object by this plasma, irradiation 
optical system which irradiates light which has 
desired wavelength and carried out intensity 
modulation on excitation frequency of said 
plasma and its integral multiple or luminescence 
frequency of said plasma, and different desired 
frequency from the integral multiple with 
non-diffracting beam in said processing 
chamber, scattered-light detection optical 
system which scattered light obtained from 
inside of said processing chamber is separated 
and received of said desired wavelength 
component by light irradiated by this irradiation 
optical system, and is converted into signal, 
foreign-material signal extraction means to 
detect signal which shows foreign material 
which floated in plasma (or that vicinity) by 
extracting said desired frequency component 
which carried out intensity modulation from 
signal acquired from this scattered-light 
detection optical system, plasma float 
foreign-material measuring device equipped 
with these was provided. 
It is characterized by the above-mentioned. 

[0014] [0014] 

-^tc. ^mMit. mmyyy:-r(D Moreover, since this invention has a certain 
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amount of width (flare) in excitation frequency of 
said plasma, or luminescence frequency of said 
plasma, it makes what different 10% - 15 % or 
more of frequencies which consider this width 
and carry out intensity modulation. 
It is characterized by the above-mentioned. 
Moreover, this invention is characterized by 
including frequency of high frequency power 
source impressed to ion acceleration frequency 
and processed object loading electrode in 
excitation frequency of said plasma, or 
luminescence frequency of said plasma. 
Moreover, in irradiation optical system of 
plasma float foreign-material measuring device 
in said plasma-processing apparatus, square 
wave of 40 to 60% of duties is used for this 
invention as a modulating signal used for said 
intensity modulation. 

It is characterized by the above-mentioned. 
Moreover, in irradiation optical system of 
plasma float foreign-material measuring device 
in said plasma-processing apparatus, this 
invention was comprised so that foreign 
material which forms said non-diffracting beam 
only in the direction of surface of surface of said 
processed object, and is unevenly distributed in 
plasma bulk * sheath interface region and which 
floated could be detected. 
It is characterized by the above-mentioned. 
Moreover, in irradiation optical system of 
plasma float foreign-material measuring device 
in said plasma-processing apparatus, this 
invention was comprised so that axicon or 
ring-zone opening optical system might 
generate said non-diffracting beam. 
It is characterized by the above-mentioned. 
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[0015] 

Moreover, this invention generates plasma in 
processing chamber, and is set to 
plasma-processing apparatus processed to 
processed object by this plasma, irradiation 
optical system which irradiates light which has 
desired wavelength and carried out intensity 
modulation on desired frequency in said 
processing chamber, bacl<scattering 
optical-detection optical system which 
backscattering light obtained from inside of said 
processing chamber is separated and received 
of said desired wavelength component by light 
irradiated by this irradiation optical system, and 
is converted into signal, foreign-material signal 
extraction means to separate from what 
depends on said plasma, and to detect signal 
which shows foreign material which floated in 
plasma (or that vicinity) by extracting said 
desired frequency component which carried out 
intensity modulation from signal acquired from 
this bacl<scattering optical-detection optical 
system, plasma float foreign-material 
measuring device equipped with these was 
provided. 

It Is characterized by the above-mentioned. 
Moreover, this invention generates plasma in 
processing chamber, and is set to 
plasma-processing apparatus processed to 
processed object by this plasma, in-adiation 
optical system which irradiates light which has 
desired wavelength and carried out intensity 
modulation on excitation frequency of said 
plasma and its integral multiple or luminescence 
frequency of said plasma, and different desired 
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frequency from the integral multiple in said 
processing cliamber. backscattering 
optical-detection optical system which 
backscattering light obtained from inside of said 
processing chamber is separated and received 
of said desired wavelength component by light 
irradiated by this irradiation optical system, and 
is converted into signal, foreign-material signal 
extraction means to detect signal which shows 
foreign material which floated in plasma (or that 
vicinity) by extracting said desired frequency 
component which carried out intensity 
modulation from signal acquired from this 
backscattering optical-detection optical system, 
plasma float foreign-material measuring device 
equipped with these was provided. 
It is characterized by the above-mentioned. 



[0016] 

Moreover, this invention has shading optical 
component which shades regular-reflection light 
from said processing chamber in backscattering 
optical-detection optical system of plasma float 
foreign-material measuring device in said 
plasma-processing apparatus. 
It is characterized by the above-mentioned. 
Moreover, this invention has scanning optical 
system which scans surface top of said 
processed object for said light along this 
surface in irradiation optical system of plasma 
float foreign-material measuring device in said 
plasma-processing apparatus. 
It is characterized by the above-mentioned. 
Moreover, this invention has intensity 
modulating frequency in irradiation optical 
system of plasma float foreign-material 
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measuring device in said plasma-processing 
apparatus between excitation frequency of said 
plasma or luminescence frequency of said 
plasma, and direct_flowing component. 
It is characterized by the above-mentioned. 
Moreover, this invention is set to processing 
chamber in said plasma-processing apparatus, 
observation aperture which permeates light 
irradiated according to irradiation optical system 
of said plasma float foreign-material measuring 
device and scattered light which detects by 
scattered-light detection optical system of said 
plasma float foreign-material measuring device 
is provided, inner face of this observation 
aperture was equipped with reaction-product 
deposition prevention means to keep reaction 
product from depositing. 
It is characterized by the above-mentioned. 



[0017] 

Moreover, this invention, irradiation optical 
system which irradiates light which has desired 
wavelength and carried out intensity modulation 
on desired frequency while generating plasma 
in processing chamber and carrying out 
film-forming processing to semiconductor 
substrate by this plasma in said processing 
chamber, scattered-light detection optical 
system which scattered light obtained from 
inside of said processing chamber is separated 
and received of said desired wavelength 
component by light irradiated by this irradiation 
optical system, and is converted into signal, 
foreign-material signal extraction means to 
separate from what depends on said plasma, 
and to detect signal which shows foreign 
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^^HiifBy7XV(cj;5t,(Ddib material which floated in plasma (or that vicinity) 
:9-ilLTltW-t"5^#3'fI^|[i)t±l by extracting said desired frequency component 
^^t^mx.tcyyX'^i^mM^ which carried out intensity modulation from 
f^W^W:^m^xmB^m^\H signal acquired from this scattered-light 
(-l6^Lfc:^7XV4>^b<{a^ detection optical system, it has film-forming 
(^&B\cr^mLfcM!>^^nimi- process which measures foreign material which 
^J^mxU^^i-6^t^¥fmt floated in plasma generated in said processing 
■t"'5^aii^(7)Mjt;^&T-fc§<, * chamber using plasma float foreign-material 
/c. ^^mit. ^nMfHltCyyx' measuring device equipped with these (or the 
^^m^^-^. f^^m^tifci^mi^ vicinity). 

Stg(c^L-CButB7"7XV(cio It Is manufacturing method of semiconductor 
X^y^y^'^MLf^^^h. mW. characterized by the above-mentioned. 
<^&:S^#L. BffM(Dj^?S^-e Moreover, this invention, irradiation optical 
^&MmLtc^^mm^m^\H system which irradiates light which is made to 
i^M^-t^f^Myt^Mt.t^m generate plasma in processing chamber, has 
^yt^^XMM^tifc^izX^ desired wavelength, carrying out etching 
XmB^mmm^hnhn^m processing by said plasma to semiconductor 
^^^mBWi^(D^^I^^AX^ substrate formed into a film, and carried out 
itt-CS^LXft^fd'^^i-S intensity modulation on desired frequency in 
tfcSLTfe^tH^^^i:, i^tfcSL^ said processing chamber, scattered-light 
^thit^^t^h^^^ti^^-^-^^f^ detection optical system which scattered light 
mB^^&^mLtcmmommm obtained from inside of said processing 
^^^tttU-f 5r.i:{cj;oTy7 chamber is separated and received of said 
XVttJ^L<fi^(Dj£^^(cv?i®L desired wavelength component by light 
tc^^^^^-tm-^r^mB-fy^ irradiated by this irradiation optical system, and 
■^i^X6h<Dt^h^MLX^m-t is converted into signal, foreign-material signal 
^^^in-^-i^iH^^t^^x.fc extraction means to separate from what 
yy^-^'^^MM^ifMy^U^m depends on said plasma, and to detect signal 
^'^Xmti^m^fH{cm^Lfcy° which shows foreign material which floated in 
7XVc|3^L<{i^(Oiaif {^y^it plasma (or that vicinity) by extracting said 
l^tc^^^niM-t^^yfyi/X desired frequency component which carried out 
U^^ir:6^t^S^'l^ti-^^m intensity modulation from signal acquired from 
i^<DM^:)jll^Xh^o this scattered-light detection optical system, it 

has etching process which measures foreign 
material which floated in plasma generated in 
said processing chamber using plasma float 



10/1/2003 38/107 



(C) DERWENT 



JP11-251252-A THOiyiSOlM 




foreign-material measuring device equipped 
witli tfiese (or tfie vicinity). 
It is manufacturing method of semiconductor 
cliaracterized by the above-mentioned. 



10018] [0018] 

^fds /jJcM^a^F^ Moreover, this invention, irradiation optical 

(cy^XV^^^^i^:^ system which has desired wavelength and 

•7i-J;oT^#|^Stg{c:^LT^ irradiates light which carried out intensity 
'^^W^Wh.'^^(D'^^^^^ modulation on excitation frequency of said 
p|B7°7XVcDEi|eji^#[^ plasma and its integral multiple or luminescence 
J;t>'^(7)M&f^*;ttt|iJtB7°7X' frequency of said plasma, and different desired 
^'^|g^Jl&l:*Jj;t>'^c7)^^ frequency from that integral multiple in said 
'^h.Wi:hW{3.(Dmm^'(:^'& processing chamber for film-forming while 
^I^Lyt^t^lute/^Jcfliffl^a^ generating plasma in processing chamber for 
F^fcMIH-f 5fi^lt7fe^^<t. film-forming and carrying out film-forming 
3,^%^%-r:Ws^^X\jtz.%\z.X, processing to semiconductor substrate by this 
oTBufSj5g|f ffi^a^F^^.^tf plasma, scattered-light detection optical system 
e5tL'5SJ:SL3fe^tNtB^M(DjS:g: which scattered light obtained from inside of 
/?5c5>'C^ilLT^7tb-Cji-^(c: said processing chamber for film-forming Is 
^i^1-5t^SL5feMl±S5t^^<!:. separated and received of said desired 
i^t5:SL^^^iil7fe^^;6^b#?3tL wavelength component by light irradiated by 
^\%'^ii^hm%Z^l^^M\^tz.W[ this irradiation optical system, and is converted 
M<7)Ji«^^^jEbai1-5^t(c: Into signal, foreign-material signal extraction 
cfco-r7VX-v4i^U<fi^(Dia means to detect signal which shows foreign 
l^{^?¥jSLfcM^^^J^-f ff-^^ material which floated in plasma (or that vicinity) 
l^tH-f 5M#)ft-ttttti¥^^^ by extracting said desired frequency component 
'^X.fcfy:^'7W-i&^mmm^^ which carried out intensity modulation from 
g*ffiV^r||^)fBjt)liffl^ffl^[^ signal acquired from this scattered-light 
(-l§^tL;^cy7XVcf3^L<ji^ detection optical system, it has film-forming 
(om^\V{n.m.fzWi^^Wm^ process which measures foreign material which 
-S^I^Xg^^ -^^^.h-^m'^t floated in plasma generated in said processing 
-r5^2i#:(^$J5g;^&T-feS„ t. chamber for film-forming using plasma float 
^c. ^IgP^ll, ^.yf-:/i^7g^g foreign-material measuring device equipped 
■m.n {-7 yX-v-igrlg^t^-fr . with these (or the vicinity). 
$tb;t^jft#:Ste(^^tTMffB It is manufacturing method of semiconductor 
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characterized by the above-mentioned. 
Moreover, this invention, irradiation optical 
system which irradiates light which is made to 
generate plasma in processing chamber for 
etching, has desired wavelength, carrying out 
etching processing by said plasma to 
semiconductor substrate formed into a film, and 
carried out intensity modulation on excitation 
frequency of said plasma and its integral 
multiple or luminescence frequency of said 
plasma, and different desired frequency from 
the integral multiple in said processing chamber 
for etching, scattered-light detection optical 
system which scattered light obtained from 
inside of said processing chamber for etching is 
separated and received of said desired 
wavelength component by light irradiated by 
this irradiation optical system, and is converted 
into signal, foreign-material signal extraction 
means to detect signal which shows foreign 
material which floated in plasma (or that vicinity) 
by extracting said desired frequency component 
which carried out intensity modulation from 
signal acquired from this scattered-light 
detection optical system, it has etching process 
which measures foreign material which floated 
in plasma generated in said processing 
chamber for etching using plasma float 
foreign-material measuring device equipped 
with these (or the vicinity). 
It is manufacturing method of semiconductor 
characterized by the above-mentioned. 

[0019] [0019] 

^tc. ^mmit. M^m^yy Moreover, this invention, irradiation optical 

f^y^XViciJ: system which irradiates light which has desired 
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oTij^2S^S;K(C/ij-LX^M^ wavelength and carried out intensity modulation 
MLf^t^h, Wr^(D^M^^L. on desired frequency while generating plasma 
mmo^mm^X'^mmmLtcit in processing chamber and carrying out 
^msmm^f^im^-tmm fllm-forming processing to semiconductor 
^^mt. mmMi/t^mx^mM substrate by this plasma in said processing 
^tL/c^{>iJ;oXHUfe^a^rt chamber, scattered-light detection optical 
^^^'^hti^Uiiyt^mmpJf^ system which scattered light obtained from 
w^;g^!fe^T-^«lLTS^LT inside of said processing chamber is separated 
in^-{-^m-r?>mLytmtn%^ and received of said desired wavelength 
^t. m^il^^myt^^-^^i:^ component by light irradiated by this irradiation 
nhnm^^^hmtmamL optical system, and is converted into signal. 
tzpJfm(Dm-m^f^';^^miM-r^ foreign-material signal extraction means to 
^tl,cX'oXyyX'r^^]^<:iit^ separate from what depends on said plasma, 
(^mmcirMLtc^m^^-rm and to detect signal which shows foreign 
■^^fifiB7'7XV{cj:-5tcO;5^^> material which floated in plasma (or that vicinity) 
^mLX^mi-^MmB^-mm by extracting said desired frequency component 
^^t^mxJfyy:<-^Um^^ which carried out intensity modulation from 
rf-aiJiggSrfflV^TtfjlEMa^f^ signal acquired from this scattered-light 
(c|§^t^c7 7XV4j^L<(i^ detection optical system, film-forming process 
(D)&m\mm\^fcm^m\m-r which measures foreign material which floated 
^i^mJint. ^mmmc-fyX in plasma generated in said processing 

|^:/7X-r(cj;o chamber using plasma float foreign-material 
Xm%^f>^^lin.xm%^iXfz^ measuring device equipped with these (or the 
m{i^mmzMLX:^y^iy^^m vlcimty), irradiation optical system which 
\^^ii^^.m^(D^^^^]^^^ irradiates light which is made to generate 
^(om^WX^^^mLtcit^ plasma in processing chamber, has desired 
mmmm.^\z.m^-tmMit wavelength, carrying out etching processing to 
^M^it^^xm.^^ti semiconductor substrate formed into a film by 
±it\^X^XmU^m'^m^h this plasma in said film-forming process, and 
'i^hti^W.U.%^m\Um^(D^ carried out intensity modulation on desired 
^^'7fX'M%LX^%\^xm^- frequency in said processing chamber, 
{-'^^^-rSifegL^fe^tH^^^ scattered-light detection optical system which 
t. mmi^^\i^%^m^ioniD scattered light obtained from inside of said 
tiSfa^^i^fjHfjtBgtS'^fit/c processing chamber is separated and received 
^^(DnW.^^^j^^^^ir^Z.t of said desired wavelength component by light 
{cJ:oT7°7XVc|3^L<«^cD irradiated by this irradiation optical system, and 
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is converted into signal, foreign-material signal 
extraction means to separate from what 
depends on said plasma, and to detect signal 
which shows foreign material which floated in 
plasma (or that vicinity) by extracting said 
desired frequency component which carried out 
intensity modulation from signal acquired from 
this scattered-light detection optical system, it 
has etching process which measures foreign 
material which floated in plasma generated in 
said processing chamber using plasma float 
foreign-material measuring device equipped 
with these (or the vicinity), 
it is manufacturing method of semiconductor 
characterized by the above-mentioned. 

[00201 [0020] 

t.tc,^mm\t. ^m^mm^P^ Moreover, this invention, irradiation optical 
{c:7°7XV^|§^$-y:^ Igy^X system which has desired wavelength and 
•^l^X-oX^^mi^mmmLXf^ irradiates light which carried out intensity 
^^^M'^h. mm(Dm^m modulation on excitation frequency of said 
U mmyy^^-^ffym^mms plasma and its integral multiple or luminescence 
^^(D^mnl^rcnmmyyX frequency of said plasma, and different desired 
^<Dm^m^^^J:Z^^<Dn frequency from that integral multiple in said 
i^tmfJ:mm<Dm^§^xm& processing chamber for film-forming while 
^^\^fcyt^mmj^^mmmm generating plasma in processing chamber for 
P^I>mM-r^mk^yt^^t.m film-forming and carrying out film-forming 
Mkiyt^^xmM^tifz^icJz processing to semiconductor substrate by this 
^Xmtmmm^m^m^hn plasma, scattered-light detection optical system 
^ti^mU.^^mmmm(DmM which scattered light obtained from inside of 
I^^X^^MLX^^LXiB^-lc said processing chamber for film-forming is 
^^^^miyt^mytm^t. separated and received of said desired 
t^^iiyt^ta^^^^^h'i^ibti wavelength component by light irradiated by 
^m^-t^hmmm^mbtzm this irradiation optical system, and is converted 
m(DmmM'Amiii-t?>Z.t{^ mto signal, foreign-material signal extraction 
J;o-cy7XVcfi^t<{±^(Di£ means to detect signal which shows foreign 
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i^l^'-l^'MLtzM^^^-tia^^ material which floated in plasma (or that vicinity) 
MtB-fS^i^lt^ttttl^^t^ by extracting said desired frequency component 
{ix.fc7°7XVy$jS^i^|ti|ij^ which carried out intensity modulation from 
W^m^XmBf^mm^mMf^ signal acquired from this scattered-light 
{-l§^Lfcy7X^4i^L<(i^ detection optical system, film-forming process 
(omm^^mLfcm^^i^mir which measures foreign material which floated 
^I^Bi:Ut.:^y^>i/^^m in plasma generated in said processing 
^fHliCyyx-^^^±:^-^^ 1^7^ chamber for film-forming using plasma float 
^X-r}cj;oTHuE^SiX?S-e^ foreign-material measuring device equipped 
l^^titc^^T^i^mm^MLX:^-y with these (or the vicinity), irradiation optical 
^y^'f&tmLf£r>h. mM<D^-^ system which irradiates light which is made to 
^^L. BUIB^^XVoMi^e/gli^ generate plasma in processing chamber for 
^*3<ttK-?:<^S#:ff SfcfiSffte etching, has desired wavelength, carrying out 
yy:^-^<D%ytMi^^iSJ:U^ etching processing to semiconductor substrate 
<D^mintMti^mM(Dm^^ formed into a film by this plasma in said 
V^&'^Ml^fc^^mti.^y^y film-fonning process, and carried out intensity 
^^m^mm^HimMir^m^^ modulation on excitation frequency of said 
^^t. t^MMyt^^sXWM^fi plasma and its integral multiple or luminescence 
tc^li^X'oXmti^y'f-y^i^'miHi! frequency of said plasma, and different desired 
MM\H:/)^hUhiv^^ii^^m frequency from that integral multiple in said 
S^djM(D^^I$.j^Xj^mi^X^ processing chamber for etching, scattered-light 
3tLTfH^f^^tfe-f ^,t5:SL^M detection optical system which scattered light 
myt^^t. s^tJcgL3fe1ttH7fe^ obtained from inside of said processing 
^;6^?3#e>tL-5{t-^;6^bHute5iS chamber for etching is separated and received 
^MLtcmM(Dm^^}&6^^i^ of said desired wavelength component by light 
tB1~5:ii(::J:oT7°7XV43^ irradiated by this irradiation optical system, and 
\^<lit^(Dm§icW-7&LfcM^=k is converted into signal, foreign-material signal 
^i'ia^-^^tii't^M^iB^i^ extraction means to detect signal which shows 
tii^^t^iB:^tc-:/yX-7fTMM foreign material which floated in plasma (or that 
^i+aySM^ffli/^Tlyfe^s/f^ vicinity) by extracting said desired frequency 
^'i^'ffl^a^i^lvi^^L/cyyX component which carried out intensity 
■^^mL<lit^(D7S:imc^&Ltz modulation from signal acquired from this 
Mm^nm-r^^^^y'f-yi^'X.Ut scattered-Hght detection optical system, it has 
^^-f-^Zt^mmti-^^^i^ etching process which measures foreign 
<^Mja::^fe'C$)'5o material which floated in plasma generated in 

said processing chamber for etching using 
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^ ;=< V ffi ^ t < { i ^ (Z) M (7) y 

^ LTit miiit ^;^iliS I6] ± L 



plasma float foreign-material measuring device 
equipped with these (or the vicinity). 
It is manufacturing method of semiconductor 
characterized by the above-mentioned. 

[0021] 

As explained above, according to said 
composition, detection sensitivity of float micro 
foreign material to submicron of inside of 
plasma or its vicinity can be significantly 
improved by separating from plasma 
luminescence and detecting feeble scattered 
light generated from float micro foreign material 
to submicron of inside of plasma, or its vicinity, 
as a result, realjime monitoring of 
contamination situation in plasma processing 
chamber is attained, generating of 
unsatisfactory product by foreign-material 
adhesion can be reduced, it is high yield and, 
moreover, manufacture of high quality 
semiconductor element etc. can be performed. 
Moreover, according to said composition, 
uniform energy illumination * uniform sensitivity 
detection is realizable through 
processed-substrate whole surface by using 
non-diffracting beam, and thing for which it 
separates from plasma luminescence and 
feeble scattered light generated from float micro 
foreign material to submicron of inside of 
plasma or its vicinity is detected, through 
processed-substrate whole surface, detection 
sensitivity can be improved significantly with 
stability and float micro foreign material to 
submicron of inside of plasma or its vicinity can 
be detected, as a result, realjime monitoring of 
contamination situation in plasma processing 
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chamber can be performed. 
[0022] 

Moreover, while making it easy to prevent stain 
of observation aperture by separating from 
plasma luminescence and detecting feeble 
backscattering light generated from float foreign 
material to submicron of inside of plasma, or its 
vicinity according to said composition, laser 
irradiation optical system and scattered-light 
detection optical system are made compact, 
detection sensitivity of float foreign material to 
submicron of inside of plasma or its vicinity can 
be improved significantly, as a result realjime 
monitoring of contamination situation in plasma 
processing chamber can be performed. 



[0023] 



[0023] 

[EMBODIMENT of the Invention] 

Semiconductor manufacturing method for 
enabling realjime monitoring for contamination 
situation in processing chamber based on this 
invention, reducing unsatisfactory processed 
substrate (processed object) by foreign-material 
adhesion, and manufacturing high quality 
semiconductor element etc. and Embodiment of 
the apparatus are demonstrated using drawing. 
As a processing apparatus for manufacturing 
semiconductor element etc., there are plasma 
etching system, plasma film-forming apparatus, 
etc. 

These processing apparatuses generate 
plasma in processing chamber, etching is 



10/1/2003 



45/107 



(C) DERWENT 



JP11-251252-A 



LtciO. CVD^^/<y^]jy^'{c^ performed to processed substrate, film-forming 
<>Xl^f^i:M-th<DX*h?)c is given by CVD or sputtering. 

[0024] [0024] 

&.T.^ti^(Dmmmmi^isi-f:b Hereafter, Embodiment whicli carries out 
^mmi^(Dimmumm^(D realjime monitoring of the contamination 
^^^U)^UT/i-^4J>>'e=.^]) situation in processing chamber in these 
>^^-t^MM<DmM{^^\^^X, m processing apparatuses (occurrence of foreign 
l~ll20^fflV^r|^i?^-t-5„ ^ material etc.) is demonstrated using FIGS. 1-20. 

^^^^{C^Sy^XV^a^ First, plasma-processing apparatus based on 
g(cov^-c^ mi^ffit^Tlffi^-t" this invention is demonstrated using FIG. 1. 
5o miCiTj^-fi^fc, As shown in FIG. 1, plasma-processing 

mmW.20m. m^m&m apparatus 201 generates plasma 8 on electrode 
MMM^) 4^1^WL.tcMM3± 3 which positioned processed substrate 
ic-:/yX-r8^m±^-^, (processed object) 4, it processes to processed 

Lfc:/y7:^lcX^X^^mmm substrate 4 by this generated plasma. 
4{mLX^m^ir^h(DXh^, in this plasma-processing apparatus 201, one 
r(D7°9XV:^ggg201(^^^V^ part deposits to wall surface and electrode in 
X.^mm^^4icMLX:fy^ processing chamber 1, without exhausting 
-^^SLTV^5fi#rHl<!:*(c:. SJS reaction product with time which carries out 
^^^t^^^-^^^iri-fic—^t^til!! plasma processing to processed substrate 4. 
mMlfH(D^^^mmimmL Furthermore, about multiple sheets, it 
TVK^litci/^-So Mtci.^^as accompanies to carry out plasma processing, 
*54^#mt^c^co^/^T:/7XV^ and much reaction products which deposited 
MLX\^K\^i^\^\^MLfcK}iL^ separate and float processed substrate 4 so 
^f^m'^^<mr-tiX^mmi\^ much in processing chamber 1. next, it 
{-^Sfvir^^L. ^{c:7°yXV8 permeates into plasma 8, the many attach to 
F^fc^AL, ^(7)#<;6^|^^as surface of processed substrate 4, unsatisfactory 
^4(Dmm^H^L. M<D^!^ processed substrate 4 to which many foreign 
^^■#*Lfc^^(D^MaS*g4 materials attached is made. 
^f'^Srtici/^So High integration of circuit pattern formed in 

^4liZMl$.-t?)M^^<^—>'(0M particular in processed substrate 4 progresses, 
M^it.i'^M^X^r^i^(D^milC and, as for minimum line width of circuit pattern, 
isi/^^Tfi, ^^y<^-y(D^A^ 0.25 to 0.18 micrometer and miniaturization are 
^teJiO. 25~0. 18fxmtU^ enhanced in field of semiconductor. 
-fbcD— ii^iioTV ^-5o 1^ oT. Therefore, processed substrate 4 whose size of 
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^^mm^4(DmmicHM-t^ foreign material adhering to surface of 
M#i<Z)i^-fX^s-9-:/?:iJ'ni/:t— processed substrate 4 is unsatisfactory also at 
^^X'ii^^(DmMmm4t^^rfh submlcron order is made. 



[0025] 



:$ixSo i:^6T\ M^f^ 

~ 8 0 0 k H z @ it 1^ in m I± 
^ m ^1 2 <h T ^ « S 3 i (D ( C 

y^^mM^^-:/yX-?itLXyy 

as -r -5 ^ i: J: o T0T ^ (7) / ^ 



[0025] 

Next, parallel-plate form plasma etching system 
which is one of the plasma etching systems 94 
as a plasma-processing apparatus is 
demonstrated using FIG. 1. 
Upper electrode 2 and lower electrode 3 which 
formed interval which forms plasma 8 mutually 
and became parallel are arranged in plasma 
processing chamber 1 . 

Processed substrate 4 is installed on lower 
electrode 3. 

By the way between upper electrode 2 in 
processing chamber, and lower electrode 3, gas 
for etching is supplied from exterior. 
And output voltage of power amplification 6 is 
modulated by high frequency signal from signal 
generator 5. 

This modulated high-frequency voltage of about 
380 - 800kHz is distributed by distributor 7, and 
is impressed between upper electrode 2 and 
lower electrode 3. 

Therefore, according to discharge between both 
electrodes, supplied gas for etching is 
plasmified and plasma 8 is generated, 
processed substrate 4 is etched with the active 
type. 

Furthermore, etching processing apparatus 
monitors advance situation of etching, by 
detecting the end point as correctly as possible, 
etching processing is performed so that it may 
become fixed pattern shape and fixed depth. 
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[0027] 

i§ { d iS -r s M ^ It ay 1- -2. £^ 

Jl )S^^400kHz^: Lfc^^ 
{S::4^Vuh)<!:(D|l#0^7]^t-o 1213 

[v]{i, 7 7XVi,|eji^ic400 

kHz<}:|WI.^LT. jiffl^{c:'»L 
TV ^-5<0;!5S^J-5„ |I|4{C(±, 



That is, a detection of end point suspends 
output of power amplification 6, after tliat, 
processed substrate 4 is taken out from 
processing cliamber 1. 

in addition, resonated microwave is introduced 
as a plasma etcliing system 94, and there are 
some which piasmify and etch by magnetic field 
or electrical field. 

[0026] 

Moreover, as a plasma film-forming apparatus 
90, CVD gas is supplied from upper electrode, 
for example, there are some which piasmify this 
supplied CVD gas, it is made to react with high 
frequency electric power, and are formed into a 
film on processed substrate. 



[0027] 

Next, basic principle of plasma float 
foreign-material measuring device 301 based 
on this invention is demonstrated using FIGS. 
3-5. 

Plasma float foreign-material measuring device 
needs to measure foreign material which floats 
to inside of plasma 8 generated in 
plasma-processing apparatus, or vicinity. 
In FIG. 3, example of observation of plasma 
luminescence waveform with respect to time 
under etching at the time of setting plasma 
excitation frequency to 400kHz (relationship 
between time and luminescence intensity [V] (V 
unit of voltage : bolt)) is shown. 
As shown in FIG. 3, plasma luminescence 
intensity [V] synchronizes with plasma 
excitation frequency of 400kHz, it turns out that 
it varies periodically. 
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intern m^&mMHzim m fig. 4, example (relationship between 

ytmmimV:\t(Dmm)^^i'o frequency [MHz] and luminescence intensity 

m4i~i^.^X^{^^m^m^mo [mVJ) which observed this luminescence 

OkHzt^(D^'^i^(D 800kHz, waveform with spectrum analyzer is shown. 

1200kHza600kHz---(7)i«^ As shown in FIG. 4, it observes harmonic 

^^^;0SMay$ti5<, ^tc. 12)4 component of 800kHz of basic frequency and 

{-7Fl-<t5t-. 0. 7 integral multiple of 400kHz, 1200kHz, and 

mvm^<Dm^^mi&mm:^^ leookHz***. 

^-ofzy-^^j]^^{cMLXM^m Moreover, as shown in FIG. 4, it observes 
&l:4OOkHz*Dj;0^©2ftc7)8 luminescence intensity about 1.9mV about 
OOkHz^^ov^Tfil. 9mV^S 800kHz of basic frequency of 400kHz, and its 
^<7)3f^(Dl200kHz(;:o^^ double to noise component with about 0.7mV 
xm. 6mVSS, ^(D4i^(Dl6 various frequency components. 
OOkHzicoVNTJil. 4mvm& About triple 1200kHz, it observes about 1.6mV. 
mm^ti^^o msiat. m4iz.^.-t About leOOkHz which is 4 times, it observes 
y^^^^^m\^^tz^mx<7):fy about 1.4mV. 

^'^m^comm^^^^hJUt. When intensity modulation is carried out and 
^m32nmm^) (DU—fyti^ FIG 5 is irradiated on frequency of 170kHz 
o^^XJ1^^170kHz-e5^g'^ about frequency spectrum of plasma 
mLxmMLtzmyyX^ipa)^ luminescence in the state except noise 
y&^^t>h^lii^tl^W(.il^(D component shown in FIG. 4, and laser beam of 
m^<Dm M^^^h/ut^7r: wavelengh 532 nm (green), frequency spectrum 
'to 't^J:t>h, Ill5(c^-^j;9(c, of luminescence of scattered light which it 
^9XVi&|3jiigfc^400kHzt detects from float foreign material in plasma is 



^ Ltzm^. 7 7XV|§)fe(Z)ji^ic shown. 

^^^h^Ht.m^^m&mi^j^ That is, as shown in FIG. 5, when plasma 

^W-:>tcy-<X^^(D±l,zmM^ excitation frequency Is set to 400kHz, frequency 

^40<!;400kHz^^41i:V^5J;9 spectrum of plasma luminescence exists 

tcilt!c^^c#^^ L. m^'mnm discretely like directjiowing component 40 and 

\^ii\^^X^mmA^h^-ttm 400kHz component 41 on noise component 

5o ^/t. M5f)^hm^7i^^£X^{z, with various frequency components, and there 

M^MmU4±iz^^LtcyyX is space area in optical frequency domain. 

300nm(i£^^7fe)-'490nm Moreover, from plasma 8 generated on 
i^^)U&)^^<3tcj/tt>^yt^ processed substrate 4, light with various 
tiXJ^rMUc^-y^^uy:t~y wavelength components (mainly 300 nm 
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?3iSg532nm. iijg^l 70kHz 

^tg<!:/^5o ^(DXoic, ^tii^(D 

^-fSSOOnm (ifi^^^) -490 
nm (Wfe) ^^.JrM7*^ofcSISg 



(near-ultraviolet light) - 490 nm (blue) grade) 
emits light as is evident from FIG. 5, it is 
in-adlated by foreign material of submicron order 
which floated. 

[0028] 

It follows, for example, intensity modulation of 
the laser beam of wavelengh 532 nm (green) is 
carried out on different frequency of 170kHz 
from frequency of the above-mentioned plasma 
luminescence, this laser beam by which 
intensity modulation was carried out is 
irradiated in processing chamber 1, if 
wavelengh 532 nm, and the frequency 
component 42 of 170kHz, i.e., peak, are taken 
out of detection light, it can separate from 
plasma luminescence which has noise 
component which is made of various frequency 
components and various wavelength 
components in scattered light from foreign 
material of submicron order, and can detect. 
Thus, by extracting from both of frequency 
components which carried out intensity 
modulation with wavelength component of laser 
beam in-adiated out of detection light, it can 
separate from plasma luminescence which has 
noise component which is made of various 
frequency components and various wavelength 
components in scattered light from foreign 
material of submicron order, and can detect. 
It can also be considered as red of long 
wavelength and infrared-light which differed in 
plasma from 300 nm (near-ultraviolet light) - 
490 nm (blue) grade which mainly emits light as 
a wavelength of emitting laser beam by the way 
But, it is more desirable to use shorter 
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[0029] 

— rm^^^ioi-ett, ST. 

)K <t: b X 5 3 2 n m (7) @ {2^ 1/ — if 
^(ij^j^^I^-if-eSlj^^n 

60 )x eSSnnKDHe-NeU— if 
3fe. 514. SnmCOArU— if3t;, 7 

tlfc S M 3fe f^- A 1 8 1^ 
tLXit, AO (Acousto- Optic 

al) '^H^^r^l P ^mj^Lfcm 



wavelength (for example, purple or ultra-violet 
ray) green in order to take much scattered lights 
from foreign material of submicron order. 
Thus, though laser beam which has wavelength 
component which emits light from plasma was 
irradiated, by extracting from both of frequency 
components which carried out intensity 
modulation with wavelength component of laser 
beam irradiated out of detection light, it can 
separate from plasma luminescence which has 
noise component, and scattered light from 
foreign material of submicron order can be 
detected. 

[0029] 

Next, 1st Embodiment of plasma float 
foreign-material measuring device 301 which 
measures foreign material which floats in 
plasma based on this invention (or the vicinity) 
is demonstrated. 

Plasma float foreign-material measuring device 
comprises laser irradiation optical system 101 
(FIG. 1), scattered-light detection optical system 
102 (FIG. 2), and signal-processing * control 
system 103 (FIG. 2). 

In laser irradiation optical system 101, S 
polarization beam 18 which it emitted first from 
laser light source 12 which emits 532 nm 
solid-laser-material light (it excites by 
semiconductor laser), 633 nm He-Ne laser 
beam, 514.5 nm Ar laser beam, 780 nm 
semiconductor-laser light, etc. as a wavelength 
is irradiated to intensity modulator 14. 
It can comprise from mechanical intensity 
modulator comprised so that high velocity 
revolution of the disc in which it formed AO 
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(Acousto-Optical) modulator and opening might 
be carried out as an intensity modulator 14. 
Based on control signal 22 from computer 33, it 
differs for example, in AO modulator as an 
intensity modulator 14 from frequency of 
plasma luminescence outputted from oscillator 
13, for example, frequency of 170kHz and 
square-wave signal of 40 to 60% of duties are 
impressed to it. 

Therefore, intensity modulation of the S 
polarization beam 18 which it irradiated is 
carried out on this frequency. 
This beam 19 by which intensity modulation 
was carried out Is enlarged by beam expander 
15, this enlarged beam 20 is converted into 
non-diffracting beam 21 called 0th Bessel beam 
by prism of cone called axicon 16. 
This non-diffracting beam 21 has very deep 
depth of focus as shown in FIG. 6 (a), (b). 
Optical system which can maintain - with a 
diameter of about 10 micrometer about 30 
micrometer spot 21s consisted of these 1st 
Embodiment covering depth of focus of about 
300 mm by adjusting top-corner (theta) of cone 
section of axicon 16, and diameter R of 
irradiation beam 20. 

In addition, 20t of side lobes around 21s of airly 
disks is shown. 

In center 4b of processed substrate 4 which met 
optical axis by this, and Ends 4a and 4c, foreign 
material can be irradiated with unifonn energy 
density. 

In addition, as shown in FIG 8, collimated beam 
20 is irradiated to ring-zone open 
[49] 

Similar non-diffracting beam 51 is obtained also 
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by carrying out optical Fourier transformation of 
the emission beam witli lens 50 arranged in 
position of focal-length f. 



[00301 



tc, 300mm<!r^^5;iw^•^^itcD^ 

^77-r^^'28©AW«E}C^5t 
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[0030] 

FIG 2 showed optical system shown in FIG. 1 
from upper direction. 

Non-diffracting beam 21 formed by axicon 16 is 
reflected by galvanometer mirror (optical 
scanning means) 26 which carries out 
high-speed actuation, after reflecting by 
polarizing beam splitter 17. observation 
aperture 11 is permeated and it irradiates in 
plasma processing chamber 1, whole-surface 
scan of the sky of processed substrate 4 is 
carried out. 

Thus, it becomes possible by using very deep 
non-diffracting beam 21 of depth of focus of 300 
mm to scan sky whole surface of processed 
substrate 4 with uniform energy density, it is set 
to one of the major characteristics of this 
invention. 

Furthermore, if non-diffracting beam 21 
scanned with this uniform energy density is 
irradiated by float foreign material 9 of inside of 
plasma 8, or vicinity, they will be scattered with 
this float foreign material 9. 
Scattered light by which backscattering was 
carried out to optical axis of the same as the 
irradiation non-diffracting beam 21 among 
foreign-material scattered-light 10P is reflected 
by galvanometer mirror (optical scanning 
means) 26, among those, P polarized 
component 10 permeates polarizing beam 
splitter 17, it is condensed by irradiation end 
face of optical fiber 28 with image formation 
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lens 27. 

Since direct reflection light from wall-surface 
1W and observation aperture 11 grade of 
processing chamber 1 is the same S 
polarization as incident light 21, it reflects by 
polarizing beam splitter 17, it does not irradiate 
to optical fiber 28. 

Thus, about direct reflection light from 
wall-surface 1W and observation aperture 11 
grade of processing chamber 1, it is optically 
eliminable. 



100311 [0031] 

m7{C7jki-Xoi^. m^m&m as shown in FIG. 7, center 4b of processed 
<D^^4ht^yT^^<28(DAM substrate 4 and irradiation end face of optical 
iSS<!:;i►^l§^K#Jc:/^oTV^-5 fiber 28 have image formation relationship. 

Al^iSSgcT^y 7^ However, fiber flux region (reception region) 48 
(^yt^MW48lt,fy:t--:fy:^L of irradiation end face constitutes size which 
fcf^S4a, 4c:^^tb(Dmil^i^^ can also detect scattered light from ends 4a and 
tti pltb/£:^^^<t/£o'ri^5o 4c which carried out defocus. 
oT. ±tB^lHljFft:^^--A21<kW Therefore, it combines with the 

S^aS^g4(Z)^ffi^^^^i/^T above-mentioned non-diffracting beam 21, in 
^-"^^-^^^B 5^ • i^^!^^^ whole surface of processed substrate 4, uniform 
tB;6^^t^Tfc5o 7^:77^/^280 energy illumination * uniform sensitivity 
li\Mmt'^y^^/-^29izmm detection can be performed. 
^tiXiS^, I/— if 3161 Set |W|-^ Outgoing end of optical fiber 28 is connected to 
:i:^5>(532nm, 633nm, 51 monochromator 29, the same wavelength 
4. 5nm, 780nm^) tU$ component (532 nm. 633 nm, 514.5 nm, 780 
ti. ^Mf^Ui^^30J(^XK^^M nm etc.) as laser beam 18 is extracted, 
^^m^ttSo -=ty^n^--^T^^< photoelectric conversion is carried out by 

V ^T^Sg5>iir photomultiplier 30. 
5-<tt> plfg^^fcSo MttJft-^flx Wavelength separation can also be carried out 
i§-^^M'W0^1O3l(Ct6)^^X. not using monochromator but using interference 
^-^mmmi^m^^h't^^lt^^ filter. 

5Q0kHzU&(Dmg^i^^mU In signal-processing * control system 103, after 
^SlxmifU^titcm. ^yi^^y detecting signal is magnified with amplifier 31 
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with about 500kHz band sufficiently larger than 

laser modulating frequency, it is sent to 

synchronous-detection circuits 32, such as 
lock-in amp. 

In synchronous-detection circuit 32, 
foreign-material scattered-light component of 
intensity modulating frequency (for example, 
170kHz) is extracted from detecting signal by 
synchronous detection by making into refer 
signal intensity modulating frequency (for 
example, 170kHz) which was used for 
modulation of laser beam and which was 
outputted from oscillator 13, and square-wave 
signal 24 of desired duty (for example, 40 to 
60%), it is sent to computer 33. 
By computer 33, scanning control signal 25 is 
sent to galvanometer mirror (optical scanning 
means) 26 through driver 34, and 
foreign-material scattering signal in each 
scanning position is detected one-by-one, 
scanning non-diffracting beam 21, it stores in 
memory unit 36 provided in internal memory 
(not shown) or internal exterior in unit of 
processed substrate 4, it being realjime on 
display 35 and representing foreign-material 
signal strength in each scanning position on it. 
And after plasma processings (for example, 
etching, CVD, etc.) are completed to processed 
substrate 4, processed substrate 4 is taken out 
from processing chamber 1, and measurement 
of float micro foreign material of submicron 
order with respect to one sheet of processed 
substrate 4 is completed. 
Computer 33 can output detecting signal of float 
micro foreign material in each scanning position 
in each processed-substrate unit stored in 
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memory unit 36 to display 35 which is output 
means. 



[0032] 
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[0032] 

FIG. 9 is read from memory unit 36, passage of 
accumulation discharge time (h) corresponding 
to processing number of slieets of processed 
substrate 4 by which it was indicated by output 
at display 35, (phi) Change of foreign-material 
scattered-light strength in each scanning 
position [mm] (25 mm interval in -100 mm -100 
mm range) in 200 mm processed substrate 4 
was shown. 

It turns out that number (quantity) of float micro 
foreign material measured increases as is 
evident from FIG. 9 with increase in 
accumulation discharge time (h) corresponding 
to processing number of sheets of processed 
substrate 4. 

Effect that even submicron micro foreign 
material which floats in plasma (or the vicinity) 
improves sensitivity significantly, and detects it 
is acquired by separating from plasma 
luminescence and as explained above, 
detecting feeble foreign-material scattered light 
about two region of frequency and wavelength. 
Moreover, by using non-diffracting beam, 
uniform energy illumination * uniform sensitivity 
detection can be implemented through 
processed-substrate whole surface, and it is 
effective in coming to be able to perform stable 
foreign-material detection through 
processed-substrate whole surface. 



[00331 [0033] 

^tc.'ikljmiiyt^miyti^tii Moreover, since it comprised so that 
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7lL;^^l02X:1^iJti-r5ct5(ctll/?g backscattering light might be detected by 
LtKDX'^ ^"7—260^ scattered-light detection optical system 102, it 

Si-lRlSB^-SX^lricy^X-Y' becomes possible to detect foreign material 
^'^L<{i-?-(Di£ff (c^iS-f-S^ which is synchronized with scan of 
^^^liii-^Ztt'^^mt:^j:'O. U galvanometer mirror 26 and floats in plasma (or 
—^mMyt^miOlisi.um^l the vicinity) easily, simplification 
5t:^^t±i7t^^l02coffi^^l:(^>' (miniaturization) of laser irradiation optical 
^<^hi\:) ^Iti^^Zti^X^^^. C system 101 and scattered-light detection optical 
tii^(D$J}m^X^, y'y^K-^^m system 102 can be achieved. 
^i^<7)f^^:t>c^^yT;^^5'-t'i^l? According to these effects, monitoring becomes 
^:^^Vy:!fi^pJ^t&. it is realjime and possible about contamination 

^(cJ;S^^(7)M^aS|Sc7)^ situation in plasma processing chamber, effect 
±^i&.Uir^:itV^?}t\^^05^M reduce generating of unsatisfactory processed 
iSEiJ'y— ^>'i/B#^^iE^ substrate by foreign-material adhesion and that 
\^iGMi-6^tr^X^^t\^^0p^^ things can be carried out, and effect that 
x^^^StL-So ^fc, ^"5— apparatus cleaning stage can be grasped 
^\^^fz.^^^(DMi'f-:r.y^\^^(D correctly are born. 
l^ii^\&W.X'^^fz^, ^^MS Moreover, since frequency of precedence check 
t^^\^(D\^±.th^o^^t^^ operation of foreign material using dummy 
StL-So flid^ fify^ ;^/t;s/h^co wafer can be reduced, effect of improvement of 
l^ia^b:^— A21^>^^X-x'8{c^ cost reduction and productivity is born. 
LTAl+$-fr-5rS^;^[p]co^4g In addition, position of the height direction made 
it, ^!l^7!)i^t'SMi'^i^LWil^ to irradiate the spot-like non-diffracting beam 21 
^^^tb-So M 1 Xit. #|llilf fc' to plasma 8 is beforehand set as position which 
— i^2l^7°7XV860K$;fylB](^ foreign material floats most. 
cf''iL^f;::Alt^-li-6J:5(-^:£^ix In FIG 1, it is set up so that core of the height 
TV^5:0\ ii^M^tt:/7XV8 direction of plasma 8 may be made to irradiate 
orm^^A (I^MSS&iliJ(7)^ non-diffracting beam 21 . 
^U^)\^^h'^^Mi-^t^^^n However, it is usually called floating foreign 
TV^-5(D-C\ l^lHltft"— A2l^y material most Into bottom part (limit part by the 
7XV8c7)T{IiJg|55>{-Alt$-l±5 side of processed substrate) of plasma 8. 

mh. l^—fm^ Therefore, it is desirable to make bottom part of 
^^MlOlisXXlWaiL^^m^ plasma 8 irradiate non-diffracting beam 21. 
^mi02(DM^n. :7 ^XVcf^ That is, height of laser irradiation optical system 
t-HtiSiB^^hW-'M^^dt^Mch^ 101 and scattered-light detection optical system 
<^^/±l^tt-2)ii:Et'iliM$tbSo 102 is adjusted to position which detects most 
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Mk.Ii^^ MlOiz.7jk-^J:oi(C, MM float foreign materials from inside of plasma, or 

W.ll t:^^ — 26 t(Dm vicinity. 

i^sW^W}^y—41t®'^^y--42 For example, as shown in FIG. 10, optical 

t{cX.-DX^Ul&^ti^M^:fjlp^i^ system 40 which can carry out parallel 

¥tf#i]^tg/c^7fe^^404-lS; displacement can be established in the height 

tt. ±fB#iij^^^41(D^i/j4^ direction comprised by transfer mirror 41 and 

$y^®^5^tt^j:oTAl^$'i^5 fixed mirror 42 between observation aperture 11 

:^7i^yhV<:(D^^1^\f—J>.21(DM and galvanometer mirror 26, and height 

^M^'k"no:iti>V^^o adjustment of non-diffracting beam 21 of the 

form of a spot irradiated by controlling amount 
of movement of the above-mentioned transfer 
mirror 41 can be performed. 

[00341 [00341 

^tc^ :ff/Uy<y^^--26(D^^t Moreover, rotation of galvanometer mirror 26 

^W^^y^-AKD^Wit^i^^LX and transfer of transfer mirror 41 are used 

^^^\f—M.21^31lk7C^liZ.^ together, non-diffracting beam 21 is scanned 

$^-&T7'yXV8(c:^LXR?.M three-dimensionally, and it irradiates to plasma 

L. g^"7'yXV8;5^?)^4t'Sfi 8, backscattering light generated from this 

;^t!cSL7t^tfcgL7feMtti3t^^l plasma 8 is detected according to 

02{^J:oT^^aiL. ^(D^^ttS^ti scattered-light detection optical system 102, 

St^J^rtfcgL^td^^^y^^^n;^— ^2 monochromator 29 extracts the same 

9i^^ctoTl^^if 3fel8(!rlRl-^^fe;i: wavelength component as laser beam 18 from 

^^T^^tilttiL, r(7)tttt}^ti/cf^ this backscattering light to detect, 

~&M:l^'^(D"^:^MU.yt^ytM backscattering light of this extracted same 

i^ftf^f'30(cJ:t9^3feLTjf ^ wavelength component is received by 

f-^i^L. :^(D^^^titcit^^ photomultiplier 30, and it converts into signal, 

^^MW^^^^32XU—^yt<D^^ signal which shows foreign material which floats 

i^^^fSiiiSfC'Cinlffi^^i^Sr three-dimensionally to inside of plasma or 

,?r(c:J:t)y^XV4i^L<{4i£{^{c: vicinity can be detected by carrying out 

3Kk7€&^i^'^^M't?)^^^yj^i' synchronous detection of this converted signal 

it^-^^tiiir^Zti^^^^tti: by intensity modulating frequency of laser beam 

5o i^tc^ MSy^^ll<7)[^®^c:, -f in synchronous-detection circuit 32. 

yXV^atc J:§SJS^fi5c^^ Moreover, it is necessary to devise so that inner 

;iM^'#^tLTiifiL7'£V^J:3(-X face of observation aperture 11 may attach to 

^'ti>!i^-^i^h?)o M^lit. MM reaction product by plasma processing etc. and 
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Mll(Df^m^Rlt^}&^:A'^^^t it may not deposit inside. 
S/cttrlAL/c^i/^i^t-^^^ttS/c For example, it can prevent that reaction 
^fit^<DiiKi^38a^^{t5rcb product etc. attaches by providing shelter 38a of 
ctoT. SJS^^4^^;iH^^ the form of a prismatic tube which projected so 
ir^(D^^j5±i~^^ti^^X^^^o y that reaction product might not infiltrate Into 
$ft;^fp](c:(±, ^SM\^ir^MM^^ inner face of observation aperture 11 as much 
8a(Df^M^, ^^b;^^^yh21s(D as possible. 

J^fflcOf-^Kn— y^21t;55hy-/y Y axial direction needs to be made not to trap 
^tL^cev^ct5f-1^6i£i^M:i^fo>5o * side-lobe 21t around 21s of airly disks in 
fc^ x$i::^fn|{;i{i, tBxtfn]i~5i^ spacing of shelter 38a mutually opposing. 
Wi:^38a(Df^M^^ ^^L^y^yi<yh2 Moreover, in the direction of x-axis, it does not 
ls(Dj^lffl(7)i^-f Kp— y'21t;6^h trap side-lobe 21t around 21s of airly disks, but 
'7:yy$ttT^ it is necessary to extend spacing of shelter 38a 

^26'C^SpItg^cCJ:9t^fetf'5<!: mutually opposing as it goes inside, while 
*^crt^IlJ^;l^f<^-^A^oTi£^f5£^ extending so that it can further scan by 
^t^^h^o ^<D^MM^38a galvanometer mirror 26. 
co^M^^i^l^Rft^^f^^^^W Moreover, it can prevent that reaction product 
^^itS^M P ^^ItS^cti-iJ: etc. attaches to inner face of observation 
oT. Mf-^lHltfffc^— A21;6^A aperture 11 which non-diffracting beam 21 
l^t^SlliJ.^^llcDP^S^-S^&4 irradiates further by providing exhaust, port 
l^^^i^^HMi^^(D^^±ir^ which exhausts reaction product etc. near the 
^t^'^X^^^a t.tc. tB*rr6]-r§- outer side of this shelter 38a. 
J^(DMM^38sit^hi^Jj(DMM Moreover, it can prevent that reaction product 
^SSa^tzfy^^^^^M^ff^WL etc. attaches to inner face of observation 
?'ctv^;^fx(^il^{l\ :^^gt4;^7.S aperture 11 which non-diffracting beam 21 
fcH^a;a;t^;^)^i)K-f Citdjzo irradiates further by while mutually opposing 
M{^#|HlJfTt:"^i^21;5^A#t and passing gas (for example, inert gas or 
'f'^^W\Mll(Di^M^Rft>^^0. process gas) which does not influence shelter 
^^^M'^^^^(D^^j5±i^6^t 38a of another side from shelter 38a at plasma 
:^^T#5o ^tc. y'y^'^^mm processing. 

7b/c0^.'^Jc:iol/^Tl/^1f RS.lt Moreover, when plasma processing is 
yt^^l01i)^hW.Bi^AHz.H^ completed, inner face of observation aperture 
LtcRJt-^f^^^^f^^^i'^tc 11 can be made clean by irradiating laser beam 
fecOU^if tf— A^0S|t-f-§^^ for removing reaction product adhering to 
tcicfcoT. ftSJ^>llc7)rtB^:^y observation aperture 11 etc. from laser 
-y^^-t^^ti^^^mxh^o BP irradiation optical system 101. 
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That is, what is sufficient is just to comprise so 

lfy(DU—f\f~-J>>^\^~-f^.M that laser beam for removing reaction product 
^^^l01(Dyt^(Dj^'P^^hA etc. may be put from middle of optical path of 
ti^Xo t^#l^-f tbfi ^ V \ laser irradiation optical system 1 01 . 



[0035] [0035] 

:l(DX^I(Z^ ^HJfftr— i=^21;0^A Thus, by establishing reaction-product adhesion 

l^-f-5>ftilJ^^ll(7)rt®tvlSf&^ prevention means to prevent that reaction 

f^^^^t^^^■t^<D^V5±'t^ product etc. attaches to inner face of 

Sf&^t^t)##P;5-it^^^^'t observation aperture 11 which non-diffracting 

?)ri:{^j:o-C. 7'7XV4i3g=t< beam 21 irradiates, It is high-sensitivity and 

(i-^cOjaif (C#jS-f submicron micro foreign material which floats in 

:/co^/J^^!^^t>i^^i^ "Ct+iliJ plasma (or the vicinity) can also be measured. 



[0036] [0036] 

iSJ^l^^ :^^0J(^#'5:7'7X-vcfi^ Next, 2nd Embodiment of plasma float 

L<lit^(Di5:i§li:L^TM't^^^^ foreign-material measuring device 301 which 

ttiy-f -Sy^X-^V^SM^f+i'J measures foreign material which floats in 

'^M:301(D^2<dMM<^MM^ ^ plasma based on this invention (or the vicinity) 

Mll^F^^^'CM^M't^o is demonstrated using FIG. 11. 

[0037] [0037] 

mm^Tfi't^O^^s :l(D%2(D% As shown in FIG. 11, in this 2nd Embodiment, 

IgtOff^H-ett. by making laser irradiation optical system 101 

^101^'(i#4^-tt'5-i:{>^<t'3^ >'° incline, reflection light from inner-wall 1W and 

^X-r^a^KDl^lilW-^IISiJ observation aperture 11 of plasma processing 

%\\1i-^h(n>W.^%^y')5K'^ chamber 1 is pointed below, and irradiation to 

tt, liSlW:d^6>(7)S#tt5:SL7tco scattered-light detection optical system 102 of 

S^SL7t1^tti)t^^l02--(DAlt reflective scattered light from wall-surface 1W is 

^ig;Mi-'5'b<^-efeSo reduced. 

101. 102, jBiU^ff -^^ffi-S'J Composition and function of each optical 

^^lOScofll^iHt^tt^lco^ systems 101 and 102 and signal-processing * 

S£Off^S<lrl^1itrfo-5(D-C\ WJ^ control system 103 are the same as that of 1st 

^^^-f-^^ -Z.(r>%2(D%%o:>'^^ Embodiment. 

litcJitiff. ^KD^MoMMt Therefore, explanation is omitted. 
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According to this 2nd Embodiment, scattered 
light from processing chamber inner-wall 1W 
declines at the same time effect similar to 1st 
Embodiment is acquired, it is effective in 
foreign-material detection sensitivity further 
improving. 



[0038] 



1 2- El 1 4^ffl V ^r 1ft 9^ -r 5o 
i^oi^f-x/ N 5 i T =^ v^^ >^ 1 6 

y^x-e^a^g2oi. ticSDt 

it tii )t ^ ^ 1 0 2 S: tJ^ it ^ M • 

<!: # <7) tft ^ & M T fe 5 (7) 



[0038] 

Next, 3rd Embodiment of plasma float 
foreign-material measuring device 301 which 
measures foreign material which floats in 
plasma based on this invention (or the vicinity) 
is demonstrated using FIGS. 12-14. 
FIG. 12 shows laser irradiation optical system 
105 among plasma-processing apparatus 201 
in this 3rd Embodiment, and plasma float 
foreign-material measuring device. 
In this 3rd Embodiment 
As shown in FIG. 12 and FIG. 13 respectively. 
Beam expander 15 and axicon 16 of laser 
irradiation optical system 101 of 1st 
Embodiment which are shown in FIG. 1 are 
transposed to 

Beam expander of one axis (the direction of 
X-axis) which was comprised from cylindrical 
lens 55 and 56 and which enlarges beam 
diameter to one axis (the direction of x-axis), 
similarly axicon 57 of one axis (the direction of 
X-axis). 

Plasma-processing apparatus 201, 

scattered-light detection optical system 102. 

and signal-processing * control system 103 of 

other than that are composition and function 

similar to 1st Embodiment. 

Therefore, explanation is omitted. 

As shown in FIG 12, in the direction of 
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^y^lS]) 11114 (b) (;i^-r<t 
iyVyV'Vti/\^uy^55. 56 

0. 5~3mmSS<^t---i^63V<t 
$4 (xtt * fp] ) T ^^>=' ^ 5 7 

jtfili(x*4;^i^)(7)T=¥-:/=i 

>'57tC<ti9#[H]Jfrt^-i^63h<h/£ 

mil^lR] (y:^i^) 

:|R4(D^ffi:fy|n] (x:&lB]) iciH 
10~30 /X mM'^^^VheS 

(D^mtifl:''— i^63h('i. mco^ 
4(D±^^^ffi^S1'S„ 1112 



r 

electrode of processing chamber 1 (y axial 
direction), cylindrical lens 55 and 56 and axicon 
57 constitute the form of parallel plate glass. 
Therefore, it emits from laser light source 12, s 
polarization beam 61 by which intensity 
modulation was carried out by intensity 
modulator 14 permeates axicon 57 of piece axis 
(the direction of x-axis) and cylindrical lens 55 
and 56 as shown in FIG.14(b) in the direction of 
electrode (height y-direction) as beam 63V of 
the same diameter about 0.5 - 3 mm as laser 
emission state. 

On the other hand, as shown In FIG. 13, 
cylindrical lens 55 and 56 constitute convex 
lens and shape in which axicon 57 of one axis 
(the direction of x-axis) has original top corner in 
direction of flat surface orthogonal to electrode 
(the direction of x-axis), i.e., the direction of 
processed substrate 4. 

Therefore, after intensity modulation beam 61 is 
enlarged by cylindrical lens 55 and 56, it is set 
to non-diffracting beam 63h by axicon 57 of one 
axis (the direction of x-axis) as shown in 
FIG.14(a). 

Therefore, spot 63hs of about 10-30 
micrometer is formed in the direction of flat 
surface of processed substrate 4 (x-direction) 
for width along optical axis as shown in 
FlG.14(c) at height about 0.5 - 3 mm long and 
slender in the direction of electrode 
(y-direction). 

This non-diffracting beam 63h, like 1st 
Embodiment, after reflecting by polarizing beam 
splitter 17. it reflects by galvanometer mirror 26 
which carries out high-speed actuation, 
observation aperture 11 is permeated and it 
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irradiates in plasma processing chamber 1, 
whole-surface scan of the sky of processed 
substrate 4 is carried out. 
As shown in FIG. 12, generally it traps float 
foreign-material 9c in plasma 8 by plasma bulk * 
sheath interface of processed-substrate 4 right 
above, it is said that it is unevenly distributed in 
this region. 

It aimed at detecting foreign-material 9c which it 
trapped by this plasma bulk * sheath interface in 
Embodiment of this 3rd. 

If non-diffracting beam 21 shown in FIG.6(b) is 
scanned right above processed-substrate 4 in 
1st Embodiment, side-lobe 21t around 21s of 
airly disks is kicked by processed substrate 4, 
and it is non-diffracting beam generation 
condition calyx gap, 21s of airly disks is no 
longer formed. 

On the other hand, in Embodiment of this 3rd, 
since side-lobe 63ht is formed only in the 
direction of flat surface of processed substrate 4 
as shown in FIG. 14(c), as shown in FIG. 12, to 
right above of processed substrate 4, closest 
approach of the non-diffracting beam 63h can 
be carried out, and it can be scanned, 
foreign-material 9c which it trapped by plasma 
bulk * sheath interface can be detected. 
Moreover, it is necessary to devise so that inner 
face of observation aperture 11 may attach to 
reaction product by plasma processing etc. and 
it may not deposit inside. 
For example, when shelter 38b of the form of a 
prismatic tube which projected is provided like 
1st Embodiment so that reaction product may 
not infiltrate into inner face of observation 
aperture 11 as much as possible, interval of 
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shelter 38b which mutually opposes in y axial 
direction can be narrowed at the same diameter 
about 0.5 - 3 mm as laser emission state, 
adhesion of sediment to inner face of 
observation aperture 11 can be reduced 
remarkably. 

In the direction of x-axis, it does not trap 
side-lobe 63ht around airly disk 63hs, but it is 
necessary to extend spacing of shelter 38b 
mutually opposing as it goes inside, while 
extending so that it can further scan by 
galvanometer mirror 26. 

Moreover, it can prevent that reaction product 
etc. attaches to inner face of observation 
aperture 11 which non-diffracting beam 63h 
irradiates further by providing exhaust port 
which exhausts reaction product etc. near the 
outer side of this shelter 38b. 
Moreover, it can prevent that reaction product 
etc. attaches to inner face of observation 
aperture 11 which non-diffracting beam 21 
irradiates further by while mutually opposing 
and passing gas (for example, inert gas or 
process gas) which does not influence shelter 
38b of another side from shelter 38b at plasma 
processing. 



[0039] 



[0039] 

Thus, by preventing that reaction product etc. 
attaches to inner face of observation aperture 
11 which non-diffracting beam 21 irradiates, it is 
high-sensitivity and submicron foreign material 
which floats in plasma (or the vicinity) can also 
be measured. 

Naturally, also in this 3rd Embodiment, it is 
necessary to set up optimally height from 
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processed substrate 4 about non-diffracting 
beam 63ti to irradiate. 

Tfius, since effect similar to 1st Embodiment is 
not only acquired, but foreign material wlnich it 
trapped by plasma bulk * sheath interface can 
be detected according to Embodiment of this 
3rd, foreign-material detection sensitivity 
improves, effect of coming to be able to perform 
management of contamination situation of 
plasma-processing apparatus processing 
chamber is born by high accuracy. 



[0040] 

His. isxumi6i:^^^xmm 
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[0040] 

Next, 4th Embodiment of plasma float 
foreign-material measuring device 301 which 
measures foreign material which floats in 
plasma based on this invention (or the vicinity) 
is demonstrated using FIGS. 15 and 16. 
FIG. 15 shows plasma float foreign-material 
measuring device in 4th Embodiment from 
processed-substrate upper direction. 
Plasma float foreign-material measuring device 
comprises laser irradiation optical system 101, 
scattered-light detection optical system 106, 
and signal-processing * control system 107. 
Laser irradiation optical system 101 is 
composition and function similar to 1st 
Embodiment. 

Therefore, explanation is omitted. 

Each of 1st-3rd Embodiment was those which 

detect backscattering light among 

foreign-material scattered lights. 

However, in this 4th Embodiment, it differs 

greatly in that it has composition of detecting 

side scattered light. 
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R(D^h, tiJ:^tJ[SL3fe65ttt5:SL As shown in FIG. 15, side scattered liglit 65 is 
^^m^^^l06(D^W^y^/u irradiated to interference filter 66 of 
i5'66{cAltL, i^Tfi^:7^;u^66 scattered-light detection optical system 106 
\CXoXl^^-f^21tM — (D^ among scattered-light 10R from foreign material 
S/i!)c:5>(^iJx.(J\ 532nm, 633n 9, after wavelength component (for example, 
m. 514. 5nm, 780nm) ;^i^57-^ 532 nm, 633 nm, 514.5 nm, 780 nm) of the 
^ivtc^. M^U-^^Xerfviit?^ same as laser beam 21 is separated by this 
^S;i:lFlJE7'yXA68^:/^LX8^ interference filter 66, it is condensed through 
-V>'^>'WM?iJIU;'3:?'f7°(D7f:hy optical-path-length amendment prism 68 with 
-Y;^— KTW69(69a^ 69b, 69 image formation lens 67 on eight-channel 
c)±(-i^7t^ti§o Hiefi, ^(Z) juxtaposing output type photodiode array 69 
^U.yt^\Myt^^l06^mi^t> (69a, 69b, 69c). 

ib^Ltch(Di:h^, ^ifSftMlE FIG. 16 showed this scattered-light detection 
:/!;Xi.68fl68a, 68b. 68c(7)3 optical system 106 from side. 
^(D^^^yht^h^oXis^. '!7x. Optical-path-length amendment prism 68 
^^±xyt^icr^^fc^^AP. 4 constitutes of three units, 68a, 68b, and 68c, 
Q, 4R^t>'^<Difff§;i>P)CDt5:SL each point 4P, 4Q, and 4R which met optical 
yti^^^^lE'i'^^LtliCX axis on wafer, and scattered light from the 
<9> tV/t;— /^76a, 76b, 76c^ vicinity are made to image-form on three 
:^^LT3o©/J^h^V:t-— KTl^^ photodiode arrays 69a and 69b and 69c 
69a. 69b. 69c±t^|g^$-ti:5o through Pinholes 76a, 76b, and 76c by 
it^^M'MW^lOlXlt, 3o amending optical path length. 
cOJj^h^V:^— KTl^^69a. 69 In signal-processing * control system 107, after 
b. 69c;6^t)»8X3=24^-\':/^- magnifying respectively 8*3=24 channel output 
/KZ)(±l;':jI^^^^8^-t>'^-/^ signal from three photodiode arrays 69a, 69b, 
(Di^it^^^^y h70a, 70b. 70c and 69c in amplifier units 70a, 70b, and 70c of 
Xi^^ULtc^k.'B-^S^^y^-^jU eight channels, it inputs into 
<DmM^^=^^yh71a, 71b. 7 synchronous-detection units 71a, 71b, and 71c 
lc(cA;^i"5o \^M^&^^-yh of eight channels respectively. 
71a. 71b. 710^1^. u—f^(D In synchronous-detection units 71a, 71b, and 
^Pl^fflv^'fc. ^M^lS-^^hm 71c, foreign-material scattered-light component 
tl^Ktcikl^^M!^il&^iMK.I,-£ of intensity modulating frequency (for example, 
170kHz) . 0fM(^X3.— T-'T 170kHz) is extracted from detecting signal of 24 
x.(^50%)co^ff^^ja-§-24^# channels by synchronous detection by making 
Mit-^tLX, lUffi^iSt^i^J. 2 into refer signal intensity modulating frequency 
4^t^^^^^<^^ttj^t^/5^b3tit (for example, 170kHz) which was used for 
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modulation of laser beam and which was 
outputted from oscillator 13. and square-wave 
signal 24 of desired duty (for example, 50%), it 
is sent to computer 33. 

By computer 33, scanning control signal 25 is 
sent to galvanometer mirror (optical scanning 
means) 26 through driver 34, and 
foreign-material scattering signal in each 
scanning position is detected one-by-one, 
scanning non-diffracting beam 21, it stores in 
memory unit 36 provided in internal memory 
(not shown) or internal exterior in unit of 
processed substrate 4. 

And after plasma processings (for example, 
etching, CVD, etc.) are completed to processed 
substrate 4, processed substrate 4 is taken out 
from processing chamber 1 , and measurement 
of float foreign material with respect to one 
sheet of processed substrate 4 is completed. 



[0041] 

f+»1t33{i, fSi 
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[0041] 

Computer 33 can indicate the detecting signal 
of float foreign material in each scanning 
position in each processed-substrate unit stored 
in memory unit 36 by output at display 35 which 
is output means. 

In particular, in the case of this 4th Embodiment, 
it Is necessary to provide injection window 11 for 
making non-diffracting beam 21 irradiate in 
plasma processing chamber 1, and rectangular 
observation aperture (not shown) which has 
large area which gives off feeble side scattered 
light out of plasma processing chamber 1. 
Therefore, it is necessary to prevent nearly 
completely reaction product etc. attaching to 
inner face of observation aperture which has 
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LrJ#^i-S©^{5l^^^(c: large area from the first, and depositing 
P5±i~^!i^^^ff^h^„ injection window 11 inside. 



[0042] 



[0042] 

Tfien, about injection window 11, it can prevent 
reaction product etc. attaching to inner face of 
injection window 11, and depositing inside, by 
comprising, as said 1st and 2nd Embodiment 
demonstrated. 

About rectangular observation port which has 
large area, it can prevent reaction product etc. 
attaching to inner face of observation aperture, 
and depositing inside, by providing protrusion 
which mutually opposes vertically inside and 
passing gas (for example, inert gas and process 
gas) which does not affect plasma processing 
from one protrusion to protrusion of another 
side. 



[0043] 10043] 

l^^^U lt\,^mm^^f'6mJ7m However, it has subject that it must prevent 

(^M^^cDF^®(^, HjS^/^i^ nearly completely reaction product etc. 

WHmLxmmi~6(D^mi attaching to inner face of rectangular 

^^^c|5Sil:L/^^ti^(lV^^7:^v^<^ observation port which has large area, and 

v^5iiM^W-r§^^(c/i5o depositing inside. 



[0044] 

^^tiixhZ(Dx\ Ma^p^ig 



[0044] 

Then, effect similar to 1st Embodiment is not 

only acquired, but this 4th Embodiment is side 

scattered-light detection. 

Therefore, influence of reflection light from 

processing chamber inner wall can be reduced, 

and effect that foreign-material detection 

sensitivity improves is acquired. 

However, it has subject that it must prevent 
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reaction product etc. attaching to inner face of 
rectangular observation port wtiich has large 
area, and depositing inside. 
Moreover, scattered-light detection optical 
system 106 can be arranged In position 
opposing galvanometer mirror 26, and it can 
also be considered as composition which 
detects forward-scattering light. 
In that case, it is necessary to provide gobo or 
polarizing plate which shades non-diffracting 
beam of S polarization which irradiates directly. 

[0045] 

Next, 5th Embodiment of plasma float 
foreign-material measuring device 301 which 
measures foreign material which floats iri 
plasma based on this invention (or the vicinity) 
is demonstrated using FIGS. 17 and 18. 
FIG. 17 shows plasma-processing apparatus 
201 and plasma float foreign-material 
measuring device in 5th Embodiment. 
FIG. 18 showed this from processed-substrate 
upper direction. 

Plasma float foreign-material measuring device 
comprises laser irradiation optical system 108 
(FIG. 17), scattered-light detection optical 
system 106 (FIG. 18), and signal-processing * 
control system 107 (not shown). 
As shown in FIG. 17, it sets to laser irradiation 
optical system 108, intensity modulation of the 
S polarization beam 18 which it emitted from 
laser light source 12 is earned out by intensity 
modulator (for example, AO modulator) 14, this 
intensity modulation beam 19 is enlarged by 
beam expander 1 5. 

Enlargement beam 20 is irradiated to axicon 80 
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of one axis (y axial direction). 
This one axis (y axial direction) axicon 80 
constitutes shape which has original top corner 
in the direction of electrode (y axial direction), 
on the other hand, as shown in Fia 18, it 
becomes plate glass-like in direction of flat 
surface orthogonal to electrode (the direction of 
x-axis), i.e., the direction of processed 
substrate. 

Therefore, beam turns into about 1 5 micrometer 
- about 30 micrometer non-diffracting beam in 
the direction of electrode (y axial direction) after 
passing axicon 80, in the direction of flat surface 
of processed substrate (the direction of x-axis), 
it passes with enlargement beam. 
This beam turns into beam 82 which spreads in 
a fan-shape in the direction of flat surface of 
processed substrate with cylindrical concave 
lens 81 as shown in FIG. 17 and FIG.18. 
That is, in this 5th Embodiment, it differs from 
1st-4th Embodiment, scan of beam by 
galvanometer mirror becomes unnecessary. 
Scattered-light detection optical system 106 
detects side scattered light 65 among 
scattered-light 10R from foreign material 9. 
Scattered-light detection optical system 106 
and signal-processing * control system 107 are 
composition and functions similar to 4th 
Embodiment. 

Therefore, explanation is omitted. 

[0046] [0046] 

^^5(DmMmm\^^h.\-fmi Effect similar to 1st Embodiment is not only 

<DMmmmtmm(D^^W^ acquired, but according to this 5th Embodiment, 

hfihfck'^X't£< , A^^^ beam scanning -based becomes unnecessary. 

ii^^Wtfi:^(D-r:\ ^mmmm Therefore, effect that apparatus composition is 
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simplified Is acquired. 

However, in order to also measure micro float 
foreign material of submicron order, it is 
necessary to strengthen scattered light from this 
micro float foreign material. 
For that purpose, it is necessary to make 
strength of beam 82 which spreads In a 
fan-shape in the direction of flat surface of 
processed substrate into the similar strength as 
case where it scans by galvanometer mirror 26. 
For that purpose, it is necessary to use light 
source which emits laser beam high output as a 
laser light source 12. 

In this case, thing which is oscillated on plasma 
excitation frequency and different frequency as 
a laser light source 12 and which outputs pulse 
laser of high output S polarization can be used. 
And it will have function of oscillator 13 in laser 
light source, intensity modulator 14 becomes 
unnecessary. 

In addition, scattered-light detection optical 
system 106 is arranged in position opposing 
cylindrical concave lens 81 like 4th 
Embodiment, it can also be considered as 
composition which detects forward-scattering 
light. 

In that case, it is necessary to provide gobo or 
polarizing plate which shades non-diffracting 
beam of S polarization which irradiates directly. 



[0047] 



[0047] 

^fc. ^l--m3(Dmmmmt Moreover, observation aperture 11 is set to one 
\^m. mJjmiLytmmi-?>^o by things like 1st-3rd Embodiment detecting 
{c-rS^ifcioT. mmmu^ backscattenng light, and it becomes possible to 
— ofcLT, Lt^hKft^f^n^m narrow very much region which reaction product 
A>H^Lxmm\^^j:\^^mm^^ etc. attaches and does not deposit, it is 
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high-sensitivity and submicron micro foreign 
material which can implement countermeasures 
against adhesion prevention, such as reaction 
product, easily (as mentioned above) and 
reliably, as a result floats in plasma (or the 
vicinity) can also be measured. 
In addition, when detecting backscattering light, 
direct reflection light from processing chamber 
inner-wall 1W or observation aperture 11 and 
scattering reflection light from processing 
chamber inner-wall 1W can also be optically 
eliminated easily as they were mentioned 
above, laser irradiation optical systems 101 and 
105 and scattered-light detection optical system 
102 can further be simplified (miniaturization). 
Moreover, measured result of foreign material 
which floats in plasma (or the vicinity) is fed 
back to means (for example, means to control 
temperature of inner wall of processing 
chamber, or side wall of electrode and means to 
generate magnetic field along inner wall of 
processing chamber) to reduce adhesion of 
reaction product to inner wall of processing 
chamber or side wall of electrode. 
By controlling this means, adhesion of reaction 
product to inner wall of processing chamber or 
side wall of electrode can be reduced. 
Next, one Embodiment of semiconductor 
production line which manufactures 
semiconductor device (semiconductor 
substrates, such as semiconductor wafer) using 
plasma-processing apparatus 90 and 94 
equipped with plasma float foreign-material 
measuring device 301 which measures foreign 
material which floats in plasma based on this 
invention (or the vicinity) is demonstrated using 
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FIG. 19 and FIG. 20. 

That is, it equips with plasma float 
foreign-material measuring device 301 
previously stated to film attachment apparatus 
90 (201) and etching system 94 (201) of 
photolithography in-process of semiconductor 
production line in this Embodiment, 
foreign-material management of wafer and 
foreign-material management of each 
apparatus are implemented. 



10048] [0048] 

^■f . mni>-fmm90 (201) (CJ: nrst, processed films, such as silicon oxide film, 
•9,^^##:r>^y^J-}c:^/|jrl>|^jt are formed into a film on semiconductor wafer 
Ji^^(D^Mj:mi^^^m^ii^o by film attachment apparatus 90 (201). 
^MtfiJc:, ^7XVy$^Mt)f+ During film-forming, number (quantity) of float 
mmW:30UcXm^mmm foreign material of inside of plasma or its vicinity 
^^^) Itt:: i:(cy7XVcfi^L< is measured for every one processed substrate 

(wafer) with plasma float foreign-material 
measuring device 301, the total number 
(quantity) is diagnosed after the film-forming 
07{c*3}t§ft»a33*fc«::(7) completion in diagnostic unit 99 (it may 
%mm?.m(DCV\2-xmm.X comprise from computer 33 in 

signal-processing * control systems 103 and 
107, or CPU different from this computer 33). 
For example, as shown in FIG. 20, when the 
if^n5,h99{ig^^i-§|g^a total number (quantity) exceeds threshold value 
^fe([>a.^N)WaStj«Wb^M)t Nt, diagnostic unit 99 issues indication so that 
7^>';6^f>#l^-r§J;9(cJg,^^ Wb and corresponding processed substrate 
ttJL. f^lfe^a^«(f>a:XN)Wa (wafer) Wa may be eliminated from production 
&0Wb(lMii7ji':/.;6^b#^$ line, it is eliminated from production line Wb and 
tL, W-^^^m^^'f)\^^mk this processed substrate (wafer) Wa, it is not 
TM (15iJx.(iVi/xh^;rfj x^) -V sent out by feed drive means (not shown) to the 

:^fc:. W following process (for example, resist 
cJi(|^©J:5t-Ltv^fgNt*^;t application process). 

^^^MMk{^:^^<)imMLX Moreover, when processed substrate (wafer) 



-;^h99(jt-^*{Lg.f(iij|^^103^ 1 
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^C^iM^. Bm^=-yh99lit, which exceeds threshold value Nt like after Wc 
fl^i^l-fmW90(D^V-~^y^^^m arises continuously, diagnostic unit 99 issues 
TF^ffi-To ^Wmt^L-^\,^W.N cleaning indication of film attachment apparatus 

t&.r(Dm^mmmi'>:^^^)um 90. 

m^^(m^'^'r)izX^mK.i^ processed substrate (wafer) whose 
^i^^h'M^'^Wi9Hz.^hti, foreign-material number (quantity) is below 
l^i^:^hm^mM:9UctS\^^XUi^ threshold value Nt is sent to resist coating 
^h-d>^^^ti^o \^iy:^h^^ device 91 by feed drive means (not shown), 
MytBM:92{c^<0, u^^/u resist is applied in this resist coating device 91. 
^^:^^±(Dmm(DlBi^y<^-y Reticule and desired circuit pattern on mask are 
^^te^^ixSo M^^h^tc^^M transfered by exposure apparatus 92 after resist 
' mC^mi^'>:^y^)\i.i^mm application. 

93X^I^'^y^^—:yl:Li^ltLtc Exposed processed substrate (semiconductor 
l^i^^hUtm^^ntc^. wafer) is sent to etching system 94 (201), after 

>'^''^g94(201) {c:i^bti5o resist section corresponding to transfer pattern 

is removed by image development apparatus 
93. 

[0049] [0049] 

^5/f-:/^1gm94 (201) XiX ^ In etching system 94 (201), it etches processed 
(DUi^7.W<^-y^^^^t\^X film of resist elimination section by considering 
^i^^m^Uomaxm^^^y this resist pattem as mask. 
"^ly^^^ti^^ IIf^ftigg90cD^ Number (quantity) of float foreign material of 
^tW\U. yyX inside of plasma or its vicinity is measured for 

■^#iS^^ltfi'Jigg301{c:J:i9 every one processed substrate (wafer) with 
KMaSteC^i^N) plasma float foreign-material measuring device 

y:^'-r^mL<{t^(D^m(D'^TM 301 during etching like case of film attachment 
^i^<DmW^nmU apparatus 90, the total number (quantity) is 

^7tlf::#|fr^=5/.yh99(jl^ diagnosed after the etching completion in 
^a-ftfiJW^lOS, I07{;:fc(t5 diagnostic unit 99 (it may comprise from 
H-^^33S?ttt^(Dff#^33i: computer 33 in signal-processing * control 
m<DCPUXmf^LXi,^h\ ) X systems 103 and 107, or CPU different from this 

'mm^^mmt^omx.i^.m2 computerss). 

Oi^^-tX^liC, ^><iic^^Lti/^ For example, as shown in FIG 20, when the 

i$.Nt^B:^tcM^ . W^^^:^yh total number (quantity) exceeds threshold value 

99j±B^^-rSlStMaSte([^^ Nt, diagnostic unit 99 issues indication so that 
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^^)Wa&0Wb^^it7^^;!,.P> Wb and cxjiresponding processed substrate 
^^^^•t^X^izmTK^taU mk (wafer) Wa may be eliminated from production 
^a^>te (!>^^N) Wa^t>'Wb(4 line, it is eliminated from production line Wb and 
Umv^iyfi^^m^^^h.. ftSi^^ this processed substrate (wafer) Wa, it is not 
^ (UTTcii-f ) KiL^daHn imx. sent out by feed drive means (not shown) to the 
nTyiyy^~JLm)-^mti!^^tifl following process (for example, ashing 
V^i^J^-rSo t,tc. Wc^(^©J;9 process). 

(cLt V MeNt^®;t§r>^yN;is:ig Moreover, when wafer which exceeds threshold 
mX.X^Z^^m^^^m^^yhQ value Nt like after Wc arises continuously, 
9tt^5/f->'i/gg94(75^y-- diagnostic unit 99 issues cleaning indication of 
^i^'^B^^tB-To i^V-^yifcD etching system 94. 

^7f^i)^\i^^H^t. If indication of cleaning is issued, input of 

^g94--(^M^aSte([>i/N) processed substrate (wafer) to this etching 
<DnX±^^!t^^X^^)-=.:y{f system 94 will be stopped, and cleaning will be 
;05^tT$ix5o performed. 

f^tNtJ^AT(DMMS£«(e/:../^) Processed substrate (wafer) whose 
fi, &xa©^Jx{fr5/v'^^lg foreign-material number (quantity) is below 
m.^^\Z-'^hh.v^y7.Vi)m^^f\. threshold value Nt is washed by washing 
ttM. ^5fc^f^igm96^cJ;l9^^|^$n apparatus 96 of the following process after 
^° being sent to ashing device 95 and removing 

resist. 

[0050] [0050] 

^^SfecD?f^ffi(Cj:tltt\ ^hyy^" According to this Embodiment, realjime 
y'7^1M.'^(r)m-^\r^W}i^y monitoring of contamination situation in 

'Ml'-^^5(DMM processing chamber of each apparatus is 
<^Mmi'im-5<:/yX^mmm attained by equipping film attachment apparatus 
mmmmsoi^mm-r^^tic and etching system of photolithography 
ct<9. ^mm<DamiH<D')m'^ In-process with plasma float foreign-material 
WD])Tju^4J>^^::^^ry^~r^-^ measumg device 301 based on 1st-5th 
Mt^^'O. mm^^^LX^^^m Embodiment, generating of unsatisfactory 
^mmm(^k^:^y^)(Dm±^ processed substrate (unsatisfactory wafer) by 
"SM-e^rSip^BKco^^fls^i^© foreign-material adhesion can be reduced, and 
T^:^^^mi^f£?)t\^^09ji^t. effect of coming to be able to perform 
mmi:^])-~y^mm^lEmi^iZ manufacture of high quality semiconductor 
M-r^^tt^-V^^t^^^m^^^^ element, and effect that apparatus cleaning 
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*/c^^5'■^-r>^/^^^^,^ stage Can be grasped correctly are bom. 

tcmm(D9uh=^a.y^im(Dm& Moreover, since frequency of precedence checl< 

imm-X:'t^tcib. =^^hi&mt^ operation of foreign material using dummy 

mii(Dfiii ± ^vj om^^^^l^ti wafer can be reduced, effect of improvement of 

So ^fc. M^y'0±i^(D g W] cost reduction and productivity is born. 

ith'^fttf£^o Moreover, automation of the whole production 

line can also be performed. 

[00511 [0051] 

&±(DmmmmViX y in addition, in the above Embodiment, 400kHz 
y^-^mm^^mmm:tnt400k and intensity modulating frequency of laser set 
Hz. u^^<D^mmmm^mn Wgh frequency electric power for plasma 
170kHzi:Lfc^\ :^mmitZti excitation to 170kHz. 

(^(Dm^mm^^i^^hOX^it However, this invention is not limited to these 

''c^V^ ^fc. i^±(Ommmmx frequencies. 

(i. y^X^-r^mmmtLXffy:^. Moreover, in the above Embodiment, etching 
^yf-y^ '^mit. ¥h¥^myy system as a plasma-processing apparatus is 
:^-^=^y^y^^mW:tLtzA\^ taken as parallel-plate form plasma etching 

^^^it:itHcm^:^ti^ii<Dxn system. 

^^<. ^a(7)iy^:/^-^g^ However, it is not limited to this and this 
^{i*ECR:3^5/^y^'i^g, fc§v^ invention is, various kinds of etching systems 
it-^4^um:r..y^:yrmwm^ for example, ECR etching system, or it is 
^ii/B^|gTfo5C<!;(±a5^Ti. needless to say that it is applicable to 
'Si/^'o ^fc^ -hBB||l~^5<7)^ microwave etching system etc. 
mmmxit. ^mmcm^yy Moreover. said 1st-5th Embodiment 
Xv^a^gi tXOics/f^^^- demonstrated example of application to etching 
^g-cDJiffi#iJ^c:o^^r|ftBJL system as a plasma-processing apparatus 
tzi\ ^^mitMm^^H^ based on this invention. 
h(DXi-if£< , yyx-^cVDmm However, this invention is not limited to this and 
^<D^mmm^^(Dmmh-t'j^ can also perform enough application to 
^mxh6. t.rz. ^/^5'^j!aa^ film-forming apparatus, such as plasma-CVD 
:fyX^tm\^^f£\^ ^l^mm apparatus, etc. 
(Dmmmmm^-^mxh Moreover, application to film-forming apparatus 
5o l^tc. ^mmmmi,^mi^'> which do not use plasma. such as spatter 
:^^^i^m^^n^-h(DXitf£<. processing apparatus, can also be made 
m^Tj^^M^^m, ^r'^i^u theoretic. 
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Moreover, processed substrate is not limited to 
semiconductor wafer, eitlier and used by base 
plate for liquid crystal displays, 
semiconductor-laser element, etc. 
Moreover, the above Embodiment described 
wavelength separation, frequency separation, 
and example that uses non-diffracting beam 
together. 

However, it is not necessary to use 3 thing 
together simultaneously, and size of foreign 
material which should detect, plasma 
luminescence, etc. should just not necessarily 
choose any one or two according to situation of 
disturbance generated with object apparatus. 

[0052] 



[ADVANTAGE of the Invention] 

According to this invention, detection sensitivity 
of float foreign material to submicron of inside of 
plasma or its vicinity can be significantly 
improved by separating from plasma 
luminescence and detecting feeble scattered 
light generated from float foreign material to 
submicron of inside of plasma, or its vicinity, as 
a result, realjime monitoring of contamination 
situation in plasma processing chamber is 
attained, generating of unsatisfactory product 
by foreign-material adhesion can be reduced, 
effect of coming to be able to perform 
manufacture of high quality semiconductor 
element etc. in high yield is acquired. 
Moreover, according to this invention, uniform 
energy illumination * uniform sensitivity 
detection is realizable through 
processed-substrate whole surface by using 
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7XVcf.^b<{i^(^ia{§©i^:7~ non-diffracting beam, and thing for which it 
^^^^y^-T:(onm^mt2h%^ separates from plasma luminescence and 
-f5^^i|/.Ct!cSL7fe^-^7XV|g feeble scattered light generated from float 
M^^'M\.X^\i\'ri>Mc^ foreign material to submicron of inside of 
'0^m^mmm±mkzt>tz^-fy plasma or its vicinity is detected, through 
X-7ct3^L<tt^(7)iaff©f->^'5 processed-substrate whole surface, detection 
i5'n>-^-Ccor?it^t3^S^LT sensitivity can be improved significantly with 
^\^mm^±m\z.\^±.LX^\^ stability and float foreign material to submicron 
■t^^tt^Xt.Wi^^.zryX of inside of plasma or its vicinity can be 
■^^mm.^(Dn'^^^UmTjv detected, as a result, realjime monitoring of 
^^J^^^^^)y-!fi,i-^^}:fl:K). contamination situation in plasma processing 
Mt/#«(Ci^;f^i/p"„(^^^ chamber is attained, generating of 
^teM-e^. ,^.^^^f9T\ i^p^n unsatisfactory product by foreign-material 
'M.(Dii^m{^m^m<Dm.Ttt^^m adhesion can be reduced, and effect of coming 
\^^i:i>'^^mkhii^, to be able to perform manufacture of high 

quality semiconductor element etc. in high yield 

is acquired. 



10053] 
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[0053] 

Moreover, while making It easy to prevent stain 
of observation aperture by separating from 
plasma luminescence and detecting feeble 
backscattering light generated from float foreign 
material to submicron of inside of plasma, or its 
vicinity according to this invention, laser 
irradiation optical system and scattered-light 
detection optical system are made compact, 
detection sensitivity of float foreign material to 
submicron of inside of plasma or its vicinity can 
be improved significantly, as a result realjime 
monitoring of contamination situation in plasma 
processing chamber is attained, generating of 
unsatisfactory product by foreign-material 
adhesion can be reduced, and effect of coming 
to be able to perform manufacture of high 
quality semiconductor element etc. in high yield 
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is acquired. 

l\/Ioreover, according to tfiis invention, effect that 
cleaning stage of plasma-processing apparatus 
can be grasped correctly is also showed. 
Moreover, according to this invention, since 
frequency of precedence check operation of 
foreign material using dummy wafer can be 
reduced, effect of improvement of cost 
reduction and productivity is also acquired. 



[00541 [0054] 

*^c. ^^13^ J:ti«\ U^y^ Moreover, according to this invention, effect that 

>^^(D^m\\:A,^^t^i:^t\^^ automation of the whole production line can 

OM^hM'i'^o also be performed is also showed. 



[BRIEF DESCRIPTION OF THE DRAWINGS] 



[mil 



[Fia 1] 

It is front elevation which shows 1st 
Embodiment of plasma float foreign-material 
measuring device provided in 
plasma-processing apparatus based on this 
invention. 



[1112] 



[FIG 2] 

It is top view seen from upper direction of 
processed object of FIG. 1 . 



[1^3] [FIG 3] 

7 7XV|§^};iov ^xmM\Lfzm It is figure which shows relationship of time and 

f^m%^^^^lY^t<Dm^^t:fr--t luminescence intensity [V] which observed 

^"^^^^o about plasma luminescence. 

[1^4] [FIG 4] 

77XV|g^^>lov^-Cx-<^5'^7 It is figure which shows relationship of 
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^r-ry4^X^mm\.tcm^^ frequency [MHz] and luminescence intensity 
LMHz]tmytm&[mV]t(Dm .[my] which observed with spectrum analyzer 
#x^^1-|21-Cfc6o about plasma luminescence. 

[FIG. 5] 

7>XV^^(^j^;ft [nm] • j^^ It is figure which shows wavelength * frequency 
^[kHz] <!;^tiMSL^cD&;g: . separation of wavelength [nm] * frequency [kHz] 
m^m'M^7js-tmTh?>. of plasma luminescence, and foreign-material 

scattered light. 

II2I61 [Fiae] 

T^v'3V(CJ:S^IiIJfft--A(^ It is figure which shows generation of 
^^^7i^-t"ilT'fc6o non-diffracting beam by axicon. 

[071 [FIG 71 

yty-M^<\zj:mmn.^<D^ It is figure which shows reception of 
^^7]^i-m T-fcSo foreign-material scattered light by optical fiber. 

lElSl [FIG 8] 

mm^a^^mi=iXi^mm it is figure which shows generation of 
-i^<D^^^,T.-ri21-t:-fc6„ non-diffracting beam by ring-zone opening 

optical system. 

[1391 [FIG 9] 

^mmmm±9^V(DMmm^ it is figure which shows time change of 

ytSm(Dmmmti:7rs-rm'(:-h foreign-material scattered-light strength in nine 

^° points on processed substrate. 

[1^10] [FIG 10] 

^yX'-rmmmzMi-^^^mm It is figure which shows one Example of height 
^-J^<Dm^mM^^m<D-'m adjustment optical system of non-diffracting 
^M^^i-mx^h6o beam with respect to plasma processing 

chamber. 



Ill [FIG 11] 

^mmim^yy^-^mmmm it is front elevation which shows 2nd 
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i^mnhfitz^yX-^nmmm Embodiment of plasma float foreign-material 
nM\mm(Dm2(Dmmmm^ measuring device 



provided in 
plasma-processing apparatus based on this 
invention. 



II1112] 



[FIG 12] 

it is front elevation whicli shows 3rd 

^ Embodiment of plasma float foreign-material 

3(DmM(DMM^ measuring device provided in 

plasma-processing apparatus based on this 
invention. 



13] 



[FIG 13] 

(D±:}j^^h It is top view seen from upper direction of 
processed object of FIG 12. 



[mi4] [FIG 14] 

)f^(DT^iy^yiLX^^mmi^~ It is figure which shows generation 
- A(D^^^,-rc1-ElT*€.„ non-diffracting beam by axicon of one axis. 



of 



IEI15] [Fniisj 

^mmim^^yyX-^^mmm it is top view which shows 4th Embodiment of 

i^'MhntzyyX^-^mm!^ plasma float foreign-material measuring device 

mmm<Dm4<Dmm<DMm^ provided in plasma-processing apparatus 

-tW-^m-xrh^^ based on this invention. 



II2I16] 



[FIG 16] 

It is figure which shows from side scattered-light 
detection optical system shown in FIG 15. 

[FIG 17] 

^mmim^yyX^f^mmm it is front elevation which shows 5th 
i^Mhivtc^-7X-Tmmm<i^ Embodiment of plasma float foreign-material 
nmmm(Dm5<Dmmmm^ measuring device provided in 
Tj^-riESIIlT-fcSo plasma-processing apparatus based on this 

invention. 
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[FIG 18] 

It is top view of FIG 17. 



II2I191 [FIG 19] 

\m^^^yX-^nmW,m it is figure which shows one Embodiment which 

Wm^M-^m^tzMMMn-f comprises photolithography process of 

7X-r^a^g{ci;o-C¥2i#: semiconductor production line with many kinds 

M^:7^>0;j^^l;y^77^XfM equipped with plasma float foreign-material 

^^^-^^-UMmm.^^--^ measuring device based on this invention of 

rn^h^o plasma-processing apparatus. 



III1201 



[FIG 20] 

^ It is figure which shows transition of wafer 
number of sheets and foreign-material number 
(quantity). 



yxv, 9, 9c-w^m^<^. lOP. 

lOQ, lOR, 1 
(^«^^), 27, 67 -'^^U 

vx\ 28-3t:7T-r/^\ 29-^y 



L-^. 36-tBlt^g, 38a, 38b 



[Description of Symbols] 

1... Plasma processing chamber, 2... Upper 
electrode, 3... Lower electrode, 4... Processed 
substrate (semiconductor wafer). 5... Signal 
generator (high frequency power source), 6... 
Power amplification, 7... Distributor, 8... Plasma, 
9, 9c... Float foreign material, 10P, 10Q, 10R, 
47... Foreign-material scattered light, 11... 
Observation aperture, 12... Laser light source 
13... Oscillator, 14... Intensity modulator (AO 
modulator), 16... Axicon, 17... Polarizing beam 
splitter 

21... Non-diffracting beam, 26... Galvanometer 
mirror (scanning optical system), 27, 67... 
Image formation lens, 28... Optical fiber 
29... Monochromator, 30... Photomultiplier, 31... 
Amplifier, 32... Synchronous-detection circuit, 
33... Computer, 35... Display, 36... Memory unit, 
38a, 38b... Reaction-product adhesion 
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-Rlt^^fiZm^mJoik^^, 5 prevention means, 57, 80... Piece axis axicon, 
7. 80--)^mT^i^=»^ 66- T 66... Interference filter 

#7^/1.^, 68-^jJgMiE:ry 68... Optical-path-length amendment prism, 
XA, 69a. 69b, agc -S^^-y^- 69a, 69b, 69c... Eight-channel juxtaposing 
^-J\^^miiit)'^4yn^hy^:t~ output type photodiode array, 70a, 70b, 70c... 
KTi/-r. 70a, 70b, 70c- -Sf^-t Eight-channel amplifier unit, 71a, 71b, 71c... 
:/;t;/Hti|is^^:=.5/h, 71a, 71 Eight-channel synchronous-detection unit, 90... 
b, 71c-8^^:y^^;umm^^^ Film attachment apparatus, 91... Resist coating 
^^yh, 90- •lii^ttSM, 91-- device, 92... Exposure apparatus, 93... Image 
i^-y':^h'M^'^W.. 92---M^'^ development apparatus, 94... Etching system 
Ms 93---S,^^g, 94---3:.y=f- 95... Ashing device 

y^^mW. 9'o-ry'ylyT^m.. 96... Washing apparatus, 99... Diagnostic unit, 
96-^^^g, 99-^»f^-:y 101, 105, 108... Laser irradiation optical system, 
s/h, 101, 105, 108 - 102, 106... Scattered-light detection optical 
^%'^%s 102, 106 -t^:gL3fe^ system, 103, 107... Signal-processing * control 
dMt^lk. 103, 107---ft-^^ system, 201... Plasma-processing apparatus, 
m-mm^s 201-77XV^:g 301... Plasma float foreign-material measuring 

'^m..?>o\-ztyx^nm%m device. 
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[FIG 1] 




22." 



2? 



1 1 : mm 



.1 4. : AOj«!?fta 
1 5 . t-Ax-t^;^^^'^ 1 6 : y'4^v:D> 
1 7 : ffiifcf-Axri; 
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12: Laser 

13: Oscillator 

7: Distributor 

6: Power amplification 

5: Signal radionuclide generator 



1 1 : Observation port 1 4: AO converter 
1 5: Beam expander 1 6: Axicon 
17: Polarizing beam splitter 



II2121 [FIG 2] 



SI 2 




.2 9 :*y4»ox-^f 3 0:7tl8^««B 

3 2 : JqiratftiitSItt 



12: Laser 
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13: Oscillator 

31 : Amplifier 33: Computer 
34: Driver 35: Display 

7: Distributor 

6: Power amplification 

5: Signal radionuclide generator 

1 1 : Observation port 14: AO converter 

1 5: Beam expander 1 6: Axicon 

1 7: Polarizing beam splitter 26: Galvanometer mirror 

29: Monochromator 30: Photomultiplier 

32: Synchronous-detection circuit 



[FIGl 3] 




Time 



Luminescence intensity (V) 



[Il4l 



IFI& 4] 



10/1/2003 



85/107 



(C) DERWENT 



JP11-251252-A TMOIVISOIM 




iDERWEISIT 




Pttitt [MH z] 



Frequency (MHz) 
Luminescence intensity (mV) 
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[FIG 101 
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[FIG 5] 
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Luminescence wavelength (nm) 
Frequency (kHz) 
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[FIG 7] 
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-urn 



Scanning position (mm) 

Electric discharge time (h) (it corresponds to number of sheets of non-treating base-plate 
treatment) 
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[FIG 11] 
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1 7 -.m^i^-^^^r'}-:,^ 



12: Laser 

13: Oscillator 

7: Distributor 

6: Power amplification 

5: Signal radionuclide generator 



1 1 : Observation port 14: AO converter 
15: Beam expander 16: Axicon 
17: Polarizing beam splitter 
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[FIG 12] 
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1 4 : AOX^n 



1 1 : 

1 7 :«jfef-JU:^7'>;v4^ 5 5, 5 6 : yU > K»J*^l'U>X 



67 . T^vn)^ 



13: Oscillator 

7: Distributor 

6: Power amplification 

5: Signal radionuclide generator 

r 

1 1 : Observation port 1 4: AO converter 
1 5: Beam expander 1 6: Axicon 
17: Polarizing beam splitter 
55-56: Cylindrical lens 
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[FIG 15] 



m^ 5 





10/1/2003 



92/107 



JP11-251252-A 




[E117] [FIG 17] 



SI? 7 



201 



2Z 




[His] [Fiai8] 



10/1/2003 



93/107 



(C) DERWENT 



JP11-251252-A 



0 1 8 



mmmmimiim/mm 




[019] 



[FIG 19] 
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98: Gleaning indication 97: Rejection indication 
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301: Foreign-material monitoring 99: Diagnosis Apparatus cleaning. 
90: Film attachment Wafer rejection. 
91 : Resist application 92: Exposure 



98: Cleaning indication 97: Rejection indication 

301: Foreign-material monitoring 99: Diagnosis Apparatus cleaning. 

93: Image development 94: Etching Wafer elimination 95: Ashing (resist elimination) 

96: Washing 
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Wafer number of sheets (non-treating base-plate number of sheets) 
Foreign-material number of objects 



For translations of the drawings below, refer to tliose of the above. 
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[AMENDMENT 1] 



[AMENDED SECTION] DRAWING 



[AMENDED ARTICLE] Whole figure 



[METHOD OF AMENDMENT] REWRITE 
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[FIG 19] 
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